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Electronic Version Note

In 1995, I met with Dick Chase and Doug Stewart at a professional conference. At that
meeting, they gave me a copy of their newly released book from Productivity Press. After
a year or two, the “Master Series,” of which this book was a part, was discontinued. I have
often lamented that the book was out of print. I’'m very pleased and grateful to Dick and
Doug for allowing me to create an electronic version of Mistake-Proofing: Designing
Errors Out. The file is actually scanned from the same book I received at that conference
seven years ago.

A few changes have been made in the electronic version. No attempt has been made to
exactly match the original page format, spacing and margins. As a result, the page
numbers do not match the original. Some of the figure numbers are also different because
two Far Side cartoons by Gary Larson have been omitted. The authors and I elected not to
seek the special permission required to reprint the cartoons.

I believe that you will find that the book is both insightful and entertaining. It is quite brief,
but creates a rich view of mistake-proofing. I hope you find it useful.

Please send your comments, questions and examples of administrative and service
mistake-proofing to jgrout@mistakeproofing.com.

John R. Grout
January 18, 2002
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INTRODUCTION

January 31, 1994, Santiago, Chile (UPI) -Chilean state copper firm
Codelco is attributing a $200 million loss to bad investments in copper,
gold and silver futures by one company manager. Company executive
Juan Pablo Davila, 34, allegedly began speculating on the metal futures
market in September after he confused sales with purchases and losses
with profits-apparently due to a computer-software error. [He claimed he
hit the buy key rather than the sell key on his PC, according to a PBS
report.]

April 17, 1994, Anaheim, California-At Disneyland, a man falls from a
Skyway gondola, landing in a tree 20 feet below. (Fortunately he suffered
only minor injuries.) The Los Angeles Times notes that "There [was] no
automatic warning device to signal an incorrectly fastened door [on the
gondola].”

Businesses cannot afford to make mistakes. Even if the mistakes your
company makes don't make national news, they make the grapevine as customers
tell their friends how you messed up. The information age only exacerbates the
problem. In days gone by, unhappy customers used to tell their bad experiences to
ten or twenty of their friends, by word-of-mouth, but now, by posting their
experiences on electronic bulletin boards, they can reach hundreds or thousands.
Even worse, the people who read their postings are likely to be the very customers
who are deciding whether or not to purchase your product or service. It is as if
someone printed your worst mistakes in the yellow pages right alongside your ad.
In such an environment, the importance of getting the defects out of the system is
tantamount.

This book is about mistakes and how to prevent them from ruining your
business. It's about how to rescind Murphy's Law. In this book we present a way in
which you can control the mistakes that cause the defects. It allows you to go back
into the process, weed out the mistakes, and ensure that they will never be a
problem again. We call this mistake-proofing.

WHAT IS MISTAKE-PROOFING?

Mistake-proofing is a powerful and comprehensive method for eliminating
mistakes and defects, ensuring quality products and services.
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Mistake-Proofing Is Quality Control

Mistake-proofing is really quality control in its strictest sense. It does not
redesign a process as reengineering does, nor does it track problems as statistical
process control does. It simply keeps the system performing as it was originally
designed to perform. It does this proactively, seeking out the mistakes that cause
the defects and correcting them before the damage is done. You can integrate it into
an ongoing TQM program or apply it independently, depending on your
circumstances.

Mistake-Proofing Is a Comprehensive Method

As a method, mistake-proofing is comprehensive. You can apply it to
services just as easily as to manufacturing. This is because mistake-proofing is
designed to deal with defects that originate from human mistakes as well as those
that originate from equipment and materials. (This is particularly important with
services since they are generally more labor-intensive, and hence, more prone to
human mistakes.) In addition, mistake-proofing does not require the ability to
quantify some product or service attribute, only the ability to judge something as
good or bad. (This is important in dealing with the largely perceptual nature of
service quality.)

Most importantly, mistake-proofing is the only method we know that
includes the customers' actions in the quality control system. The importance of this
is emphasized by one study that estimates that customers in services are responsible
for one third of the problems they complain about. We do not mention this as a
excuse for bad management, but rather to indicate the importance of controlling
both customers' and employees' actions.

Mistake-Proofing Is Powerful

Mistake-proofing gets results. Although the methods we present here are
relatively new to services, they were adapted from an established Japanese
manufacturing-based approach developed by Shigeo Shingo. The Shingo Prize is
awarded to those manufacturing companies, that among other attributes, are most
effective at applying his mistake-proofing techniques in the United States. Table 1
indicates the level of quality gains that some of these Shingo Prize winners attained
through applying mistake proofing.

Mistake-Proofing Is Simple

Another big benefit of mistake-proofing is that it is simple-you don't need a
Ph.D. in statistics to apply it. In reality, mistake-proofing is more like a structured
form of common sense. The concepts can be easily explained, immediately applied,
and there is no need to spend large amounts of money educating your employees in
statistics in order to use it.
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Table 1. Quality Gains by Selected Shingo Prize Winners

Data Corporation e 47% reduction in cost of quality 1991
Minneapolis, Minnesota winner
Glacier Vandervell inc e 58% reduction in annual scrap 1991
Atlanta, Georgia ®  54% reduction in cost of quality winner
AT&T Power Systems e Average outgoing quality defects | 1992
reduced by 70% winner

Kansas City, Missouri
e First pass yield increased from 87

to 95%
lomega Corporation o 81 % reduction in annual scrap 1992
Roy, Utah e 28% reduction in quality costs winner

SOURCE: See Note 5

Mistake-Proofing Is Inexpensive

Mistake-proofing is also inexpensive. Mistake-proofing devices for
manufacturing usually cost under $100 and rarely exceed $500.° Although less
widespread, the mistake-proofing devices we see in services are often inexpensive
modifications to existing tools or facilities, or additions to operating software.

Mistake-proofing is also inexpensive relative to its design alternative,
redundancy. Redundancy refers to having back-up resources just in case something
goes wrong. This is obviously necessary for situations where an error can lead to a
major crisis, such as a pilot having a heart attack or getting a flat tire in the desert.
For most situations, however, backups are unnecessary if the system can avoid
mundane errors.

THE IDEA BEHIND MISTAKE-PROOFING

As we stated earlier, the ideas behind mistake-proofing processes were put
forth by Shigeo Shingo in a system called Zero Quality Control (ZQC). Our
methods build on this work, but we have generalized it so it applies to the service
side of your business as well as the manufacturing side. Most notably, we have
incorporated the roles of information and the customer into the framework.’

Mistake-proofing works on the principle that if you look behind every
defect, you will find a mistake that caused it. For our purposes, we define a mistake
as the result of an activity, either mental or physical, that deviates from what was
intended. If you can correct or prevent the mistakes in your business, you will
eliminate the defects. For example, a notch cut in an important machined part may
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be in the wrong place because the machine was not calibrated or the machinist
inserted the part into the jig backwards. If you correct the mistakes by calibrating
the machine and making sure the part is correctly oriented before the notch is cut,
you can prevent defects. Another example is that a customer's steak may be too rare
because the waiter wrote down the wrong information or the chef switched steaks
with another order. To prevent the defect, make sure the waiter specifies the proper
wellness before ordering and the chef places the steak with the correct order before
the waiter brings it to the table.

To understand how to prevent mistakes in our businesses, we need to better
understand them. Where do they come from, what causes them, how do we spot
them, and how can we correct them quickly? The remaining chapters address these
issues. Chapter 2 describes the main sources of mistakes in a business, the types of
mistakes businesses make, and the fundamental causes behind these mistakes.
Chapter 3 discusses the best places in the process to look for mistakes. Chapter 4
reports on how to detect mistakes when they occur. Chapter 5 builds on Chapter 4,
introducing devices and procedures detect mistakes called poka-yokes. Chapter 5
also introduces the four basic types of poka-yokes and some of their most common
forms; describing how they work, and illustrating them with numerous examples.
Chapter 6 goes on to talk about how to design poka-yokes into your business. It also
provides some general guidance on designing the mistakes out.
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SO WHERE DO MISTAKES COME FROM?

The sheer multitude of elements in a typical business process make the
search for the source of a mistake a potentially staggering project. Fortunately, we
can limit our search somewhat. If we refer back to our original definition, we
remember that mistakes are deviations from intended actions. Therefore, we are
concerned only with elements in the business that act upon other elements. In this
manner we limit our search for mistakes to the actors in the system -people and
machines. In this section we explore machine and human mistakes, the different
forms they take, and the causes behind them.

MACHINE MISTAKES

Yes, machines do make mistakes. Sometimes machines don't perform as
intended due to faults of the machine itself-you might call them glitches. Some
common examples of these are:

o broken tools

o empty or jammed part buffers

o miscalibration

o undetected tool wear

o mechanical failure (breakdowns)

Problems caused by the machine operator, obviously, are human mistakes,
which we will discuss shortly. Machine mistakes, being generally mechanical in
nature, are better understood than human mistakes. They are, therefore, more
predictable and easier to control. If we look closely at the different types of
machine mistakes, we see that they fall into two categories: those mistakes we can
see coming and those that catch us unaware.
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Foreseeable Mistakes

Often a mistake shows signs that it is imminent, such as with breakdowns
and tool wear. There are several well-established methods for dealing with
foreseeable mistakes, which involve watching carefully for these signs, so that you
can take steps to prevent the mistakes. Diagnostic monitoring methods such as
vibration analysis can indicate that a machine is failing well before it becomes
critical. This allows you to take it off-line and repair it during a slack period.
Comprehensive maintenance programs such as total productive maintenance (TPM)
can offset the effects of normal wear and tear, keeping machines in peak condition.
To counter the effects of tool wear you can use tool-wear algorithms to predict the
calibration adjustments that will be necessary over the lifetime of the tool.
Generally, the cause of foreseeable mistakes is that tools and machines wear out as
you use them.

Unforeseeable Mistakes

Some mistakes are more problematic since there are no warning signs of an
impending failure. These mistakes take the form of broken drill bits, jammed feed
lines, and so on. Since there is no warning beforehand, the best we can hope for is
quick detection and rapid correction of the mistake (hopefully before any damage is
done). Mistake-proofing devices and methods are well suited to dealing with these
contingencies. The causes behind unforeseeable mistakes are also generally
mechanical, but they are either less understood or simply provide no warning
before failing. They therefore appear as random events.

HUMAN MISTAKES

If we turn our attention to the mistakes that people in the system make, we
quickly realize that we are discussing two very different groups of people:
employees and customers. The proportion of attention you devote to these two
groups varies depending on the type of business you are in. For example, a strictly
manufacturing business that deals only with a limited number of corporate
purchasing agents is probably less concerned with customers' effects on the system
than a service business with a large amount of front-office customer interaction-
Even though mistakes that corporate purchasers make can cause major operational
inefficiencies, as customers, they generally know more about their role in the
system and, hence, need less hand-holding.

Employees and customers interact with your business in very different ways.
(Table 2 summarizes some of the major differences.) Not only do these two groups
make different types of errors, but you need to treat them differently when you
develop mistake-proofing devices and procedures. The types of mistakes that
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customers and employees make depend very much on how they experience the

process.

Employee Mistakes

Employees view the process as a series of steps that occur over and over
again for each customer or product processed. As employees perform these steps,
they must pay attention to three aspects of the process: the task or actual process
steps being performed, the treatment of the customers, and the tangible aspects of
the environment.® Back-office and manufacturing employees necessarily devote

Table 2. How Customers and Employees Interact with Your Business

Employees

Customers

e Compensated for business activities
e  Trained to know the appropriate steps
e . Must accept responsibility for defects

e Experience a continuous stream of
encounters (one defect is a low failure
rate)

e  Must work extra to correct defects
(resulting in increased current costs)

e  Are aware of system failures, since
failures slow work and require
corrective effort (Generally all failures
can be completely corrected.)

Pay to interact with business

Must learn steps from directions
environmental cues, prior experience,
and standardized business practices

Place blame for defects Experience a
single encounter (one defect is total
failure)

Dissatisfied with defects (possibly
resulting in lost future revenue)

Are not aware of all system failures,
but are very sensitive to those they do
see. (Failures in the back office, which
are corrected, never happened. Failures
in the front office can never be
completely corrected.)

more attention to the actual task being performed, as they have less direct influence
on the other two aspects. The types of mistakes employees make can be categorized

accordingly.
e Mistakes in the task being performed:
» doing work incorrectly
» doing work not requested
» doing work in the wrong order

» doing work too slowly
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e Mistakes in the treatment of the customers:
» not acknowledging the customer
» not listening to the customer
» not reacting appropriately to the customer
e Mistakes in the other tangible aspects of the delivery system:
» failure to clean facilities
» failure to provide clean uniforms

» failure to control noise, odors, light, and temperature

Customer Mistakes

While employees continually cycle through the actual service encounter,
customers have a more linear view of your business process. They must prepare
ahead of time for their participation, engage in the encounter, and then conclude
with a post-encounter resolution. The customers' mistakes can be categorized by
these three stages:

e Mistakes in the preparation for the encounter
» failure to bring necessary materials to the encounter

» failure to understand and anticipate their role in the service
transaction

» failure to engage the correct service
e Mistakes in the encounter
» failure to remember steps in the service process
» failure to follow system flow
» failure to specify desires sufficiently
» failure to follow instructions
e Mistakes in the resolution to the encounter
» failure to signal service failures
» failure to learn from experience
» failure to adjust expectations appropriately

» failure to execute appropriate post-encounter actions

Figure 1 summarizes the types of human mistakes.
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TYPES OF MISTAKES

Source: R.B. Chase, and D.M. Stewart, "Make Your Service Failsafe," Sloan Management Review,
Spring 1994, 35-44

Figure 1. Types of Mistakes
The Causes of Human Mistakes

The causes behind human mistakes are more complex than those behind
machine mistakes. Researchers have determined that the causes of human mistakes
vary according to the level of cognitive control being used at the time. Cognitive
control is the level of conscious mental processing that a person must devote to
perform an activity. The three levels of cognitive control are the skill-based,
rule-based, and knowledge-based cognitive control.”

SKILL-BASED CAUSES

For routine tasks, such as driving a car or performing familiar manual
operations, people tend to operate, more or less, on autopilot. They need very little
conscious control to switch between familiar action routines according to various
cues from the environment. This is skill-based control.

Mistakes at the skill-based level are normally due to missing a cue through
inattention (such as driving past your exit ramp on the freeway while distracted by a
passenger in the car), or acting on a false cue through over-attention (such as
slowing to a stop because the pedestrian crosswalk signal has turned red).

RULE-BASED CAUSES

People generally reserve the higher levels of cognitive control for
problem-solving activities. When we encounter a new activity or problem, we try to
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match the problem with a rule or heuristic that we used successfully to solve similar
problems in the past. This rule guides our actions, hopefully, to another successful
conclusion. This is rule-based control.

Mistakes at the rule-based level of cognitive control normally involve using
a good rule in the wrong situation or simply using a bad rule. For example, if a car
engine turns over but won't start, a commonly applied rule is to pump the gas,
which adds enough fuel to the carburetor to start the combustion in a reticent engine.
However, if the engine does not start because it is flooded, then pumping the gas
worsens the problem. This is an example of using a good rule in the wrong situation.
On the other hand, if the car is fuel-injected rather than carbureted, then the gas
should not be pumped under any circumstances. (The engine's computer
determines the correct air-fuel mixture and injects the correct amount of fuel
needed to start the car.) This is an example of merely using a bad rule. Choosing the
wrong rule is normally the result of either insufficient or extraneous information.

KNOWLEDGE-BASED CAUSES

If we encounter a problem for the first time, and we are sure that we have
not seen anything sufficiently similar in the past, we need to use knowledge-based
problem solving. This is where we apply pure logical deduction and symbolic
manipulation, based on any relevant theory, to solve the problem. In other words,
we carefully think through the problem.

Mistakes at the knowledge-based level of control usually arise because the
human mind has limited processing capacity or inconsistently weighs perceptions,
bases decisions on prior convictions, and makes spurious correlations in the
analysis process. Anybody who has played a two-person board game such as chess,
checkers, or Othello understands limited processing capacity. It is relatively
straightforward to examine all possible moves that can be made during your turn.
With some effort, you may be able to see all of the likely responses of your
opponent to each possible move. But as you try to see several moves into the future,
the problem quickly becomes too large to keep in your head. We also see numerous
examples of the various ways the mind weighs different stimuli. Procrastination
arises because we attach greater importance to recent or upcoming events than to
those that will take place in the more distant future. People who have developed a
hypothesis often simply fail to see any obvious evidence contradicting it.

Cognitive Control and Learning

Although we can learn some skills by direct observation and trial and error
(e.g., learning to walk), we generally descend through this hierarchy of cognitive
control as we learn. We may learn at the rule-based level, from a "cookbook" of
provided rules. We may start at the knowledge-based level, carefully thinking
through each step performed. In either case, as we gain familiarity, the required
level of control decreases until we are operating at the skill-based level. After this
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initial learning period, we spend most of our time operating at the skill-based level
of control. We move to higher levels of control only during those increasingly rare
new situations."” The validity of this statement is obvious to anyone who has spent
some time watching an experienced machinist or telephone sales representative
perform their jobs. Even workers whose jobs require substantial thinking, such as
engineers, architects, and lawyers, find they perform many aspects of their jobs by
rote.

Learning and Mistake-Proofing

The learning process has two implications for mistake-proofing. The first is
that experienced employees must be treated differently from trainees because they
make different mistakes for different reasons. The second applies to how you train
your employees. Employees trained only at the skill- and rule-based levels of
control cannot apply knowledge-based problem solving, since they lack the
requisite theoretical basis. They can only apply the rules they were given or that
they discovered through trial and error. Deming uses a parable about the manager
who tells an employee to clean a table. The lesson is that the employee needs to
know what the table will be used for to do the job right. If it is a workbench, dusting
is probably just fine, but if it is an operating table, scrubbing it with alcohol is more
appropriate. Similarly, if you want your employees to be able to solve problems on
their own, you need to help them understand why they will be doing what you are
training them to do, and how it fits into the organization as a whole. This requires
knowledge-based learning.

Skill-based
control G
oal state
° A
Rule-based o ls the problem
control solved?
Increasing Learnin
NG, lem. Is th Aooly store nng
unfamiliarity FiruLl'cr1j. STe 1 e Apply stored
pattern familiar? [~ e,
T
" N
Knowledge-based :
control Perform theary
based analysis
'

‘Source: Adapted from James Reason, Human Error (Cambridge: Cambridge University Press,
1990), 64.

Figure 2. Cognitive Control
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We have looked into the types of mistakes and their causes for two reasons.
First, understanding the sources of mistakes gives us a better idea of what to look
for. In particular, it opens our eyes to the mistakes that customers and machines
make, and the range of activities we must mistake-proof. Second, understanding
the causes behind the mistakes helps us as we search for means to detect and
prevent them. The flowchart in Figure 2 shows how learning, mistakes, and
cognitive control relate to each other.
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3

WHERE AND WHEN TO LOOK FOR MISTAKES

How do we go about attaining zero defects? The first trick to
mistake-proofing your process is to be in the right spot at the right time to catch the
mistakes. The right spot will be as close to the mistake as possible, and the right
time will be all of the time.

INSPECT CLOSE TO THE SOURCE

It is important to know where to look for mistakes. After detecting a
mistake the information must be sent back to the point in the process where the
mistake occurred so that it can be corrected. This is called feedback. Naturally, the
slower the feedback, the greater the damage done by the mistake.

There are several reasons why slow feedback increases the damage caused
by a mistake. One reason, particularly if a machine causes the mistake, is that the
machine often continues to produce defects until you correct the mistake.

Another reason is what AT&T refers to as the 1-10-100 rule. "If it takes one
hour for you to fix a problem on the spot, it may take ten hours to fix the problem
when it is caught by someone else downstream in the organization and one hundred
hours to fix when it reaches an external customer.""' Even if only one defect results
from a mistake (as is often the case with human mistakes), the damage still
increases because of lost time or additional value being added to a product that has
to be scrapped or reworked. For example, the defective part may soon be built into
a large machine that has to be dismantled to replace it, or perhaps it will be
gold-plated several steps down the line. Additionally, if feedback is slow enough,
the defects may reach the customer. In "Cost of Quality" terminology, this is known
as an external failure, which is generally considered to cost at least ten times as
much as an internal failure. Not only is there the direct cost of fixing the defect, but
also the damage to your reputation. Service providers are particularly susceptible to
this last phenomenon, because their production and consumption are simultaneous.
Defects they do not catch immediately pass directly into the hands of the customer.
What is the cost to a restaurant, if a bad meal causes a customer never to return?

Feedback is made faster by moving the point where you detect the mistake
closer to the point in the process where the mistake is made. As these two points
become closer in space and time, the expected damage from the defect decreases to
the point where you detect the mistake before it causes any defects in the first place.
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GENERAL LOCATION GUIDELINES

Shingo provides some general guidance on where to locate inspection
points to minimize the feedback time. He calls these inspection points successive
checking, self-checking, and source inspection. We have added a fourth,
Jjoint-inspection, because it commonly appears in services.

Successive checks take place immediately after a hand-off. This means
that the next person in the process inspects the work. This person can then
immediately signal the problem to the person who performs the current step.
Detecting the mistake here limits the number of defects to whatever is in the buffer
inventory between the two steps. This form of inspection has an associated benefit:
This individual must be uniquely qualified to decide on the fitness for use of the
output, especially when subjective judgment is necessary. It is important to note
that you do not want to use this method when the next step in the process is the
hands of the customer. Having your customers check for your mistakes only leads
to dissatisfied customers.

Joint-inspection takes place during the hand-off, with both parties in
the exchange inspecting the output. > The most common example of this form of
inspection is rereading the order to the customer to ensure correct communication.
To do this effectively, it must be very easy to undo any mistakes. This is probably
the maximum level of active involvement you can expect a customer to take in
inspecting the work of the employees. They may be willing to take a larger role in
the inspection of their own actions, however. Joint inspection is a very good
method to use for information hand-offs or problems in understanding.

Self-checking takes place before the hand-off, immediately after
processing. The employee examines the output before putting it into the queue for
the next step. The feedback here is almost instantaneous, which allows the producer
to correct mistakes immediately. If the mistakes can be reliably detected here, this
form of inspection allows only one defective item to be produced before the
mistake is corrected.

Source inspection takes place immediately after the mistake has been
made, but before it results in a defect. In essence, we look for mistakes that we
know will cause defects in the future. We correct them now so that there is no
defect in the future. Other inspection methods, correctly implemented, can result in
zero defects reaching the customer, but Shingo asserts that source inspection is the
only way to remove all defects from the process. He cites an example in a
molding-machine plant, where instead of measuring the quality defects produced,
employees took great care to adjust the machines correctly before processing.
Because all processing was mistake-free to begin with, they had no defects in the
process to measure.'*
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Figure 3. Shortening the Feedback Loop

OTHER CRITICAL INSPECTION POINTS

When you locate inspection points for defects and mistakes, be sure to

include the following key points:

@)

Where raw material is received — Send defective materials back to the
supplier before value is added to them.

Prior to a costly operation — Examples: Don't gold plate a defective watch
or start assembling an engine when the crankshaft is bent.

Prior to potential damage — An off-standard part or material can cause
damage in subsequent operations.

Prior to the point of no return — Some materials can't be economically
reworked after they go through a particular process. Examples:
Typographical mistakes in books, demolishing the wrong building, cutting
a diamond, and so on.

Prior to stocking — inspect work-in-process and finished goods before you
stock them, especially if there is a high spoilage rate or a high cost if they
are not available.

Where quality responsibility changes hands — This allows tracing the
source of defectives in a multi-department organization. This also pertains
to situations where incentives are paid to production workers."
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INSPECT ALL THE TIME

Mistakes are random events, and therefore, we must continuously watch for
them. Sampling is not good enough. It looks only at a small proportion of the
outputs in a process. It assumes that the rest of the outputs will be similar to the
sample, and that, therefore, we can draw conclusions about the entire output, such
as the total number of defects or mistakes. What it cannot tell you is that the 532nd
item produced is defective (unless by chance that item happened to be in the
sample). This is an important distinction, because to catch the mistakes, we need to
know when we have one in front of us, not that we made 14 in the last 2000 units.
What this means is that we must maintain 100 percent inspection.

All of us have heard about the futility and cost of 100 percent inspection,
but the assumptions behind these claims are open to challenge. The "futility"
argument assumes that there is an employee who's sole duty is inspection, and that
this employee will become bored and inattentive after searching for an extended
period of time. The fewer actual defects in the output, the faster the inspector's
attention level will fall. Therefore, 100% inspection is unreliable and ineffective.
The flaw in this argument is that it is not necessary to have an employee who's sole
duty is inspection. A company can incorporate the inspection activity as a step in
the work process so that the people actually making and using the items perform the
inspection. In this manner, the inspectors' attention levels remain high, because the
quality of the items being inspected is directly relevant to their work. Remember
that early craftsmen had no trouble inspecting 100 percent of their work as they
progressed.

The cost argument assumes a reasonably slow and comprehensive
inspection process. There are, however, many ways to shorten the inspection
process. Distributing inspection throughout the process, as suggested above,
greatly reduces the burden on the worker as inspector. Each person in the process
only has to remember and check a small number of parameters, because he or she is
only concerned with the output of a single process step. Parameters affected during
earlier steps will have already been inspected and corrected. In many cases you
may not even need a formal inspection step. The correctness of the output of one
step may be verified by being able to perform the operations required in the next
step. Further increases in the speed of the inspection process come from the use of
simple automatic inspection devices and gauges, which we will discuss in later
chapters.

©Chase & Stewart, 2002 Mistake-Proofing: Designing Errors Out



21

4

FINDING THE MISTAKES

Now that we have found the right spot, how do we keep the mistakes from
slipping by us? Some mistakes are easy enough to detect. Merely being in the right
place at the right time is sufficient. In other cases, we may need a little help to see
them when they are in front of us. Basically, the three ways in which a person can
detect a mistake are through self-monitoring, detection by others, or because of
some cue from the environment.'® They vary in their effectiveness depending on
the source and cause of the mistake.

SELF-MONITORING

Self-monitoring relies on our built-in mistake detection mechanisms. At the
skill-based level of control, these mechanisms operate automatically and
reasonably successfully, since there is generally some visible discrepancy between
the actual state and what was desired. As the level of control increases to rule-based
and knowledge-based levels, this visibility is rarely there. Therefore, we must
divert a more conscious effort towards looking for mistakes, and correspondingly,
the success rate of detection dramatically decreases. In order for self-monitoring to
detect decision mistakes, it is necessary both to know the correct outcome of the
decision and to be able to see this outcome. These criteria make self-monitoring a
poor choice when decisions must be right the first time, when the correct outcome
is not known ahead of time, or when the result of a decision will not be apparent for
a long time, if ever."”

As a manager, it is not necessary to worry explicitly about self-monitoring.
Since it is automatic human response, you really have no control over whether
people use it or not. What is important to know is never to rely solely on
self-detection of mistakes at the rule- or knowledge-based levels of cognitive
control. Self-detection of decision mistakes is very unreliable. This also applies
when people are learning what will eventually be skill-based activities, since we
know they must progress through the higher levels of control in the learning
process.

CHECKING BY OTHERS

Often other people can check our work for mistakes. If this second party
uses the results of our work in their own, they will readily see any mistakes in it.
They also have the advantage of a fresh perspective on the situation. This makes
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checking by others the best method to detect certain types of mistakes, particularly
when objective judgment is necessary or the mistakes are in the decision-making
process. Examples include faulty logic and assumptions at the knowledge-based
level of cognitive control, and poor rule choices at the rule-based level.

ENVIRONMENTAL CUES

The best way to ensure the detection of a mistake is to make sure that

something in the environment makes it very obvious that one has been made. These
signals from the environment are called cues. A good example of an environmental
cue is the inevitable "extra" parts that remain after a do-it-yourself repair project.
These parts make it very clear that you have not assembled the item correctly.

Types of Cues

Clayton Lewis and Donald Norman have compiled six types of cues a

system can provide when a mistake has been made. ™ These are:

O

Warnings -The system merely indicates that a mistake 'has been made, then
continues with normal activity.

Gagging —A mistake causes the system to grind to a halt until the mistake
is cleared and the system restarted. (This is a common response in many
early software programs.)

Nonresponse — The system does not respond at all to a mistake; it simply
does not accept input. (The cue here is not a response, but rather the absence
of any.)

Self-correct — The system signals that a mistake was made and suggests a
similar correct response. The theory here is that you have to correct the
mistake anyway, so there is no harm in having to undo a bad suggestion. A
good suggestion, however, saves time.

Talk about it — The system opens a dialog in order to reach an
agreement about what is really intended.

Teach me — (similar to "let's talk about it") — The system learns the
intentions associated with the mistaken actions and delivers the intended
results if these same incorrect actions are performed in the future.

These cues correspond to Shingo's warning and control methods. The first

type of cue is a warning, while the remaining five are controls.” Control cues
prevent further action until the mistake is resolved, while warning cues can be
ignored. Naturally, given the choice, we would prefer some form of control cue.
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Choosing the Appropriate Cue

The exact type of cue that is most appropriate depends on the parties
involved. (Remember, employees and customers see things differently.) Even
though warnings can be ignored, everyone appreciates them. However, for people
who are not intimately familiar with a process (for example, new employees and
customers), gagging or nonresponse cues are particularly frustrating. These cues do
not provide any information about the nature of the mistake, only an indication that
one has been made.*

On the other hand, experienced employees, who already know why the
system is gagging or not responding, do not need extraneous information and may
find these cues to be very efficient. Everyone also appreciates self-correction. If
someone developed a machine that was good at self-correcting the mistake,
however, it would probably make more sense to automate the process and remove
the human element altogether.

Employees who perform routine tasks probably do not want to talk about it
with the system, but customers and trainees might find this a nice learning feature.

The last cue, teach me, is problematic. If the system learns too quickly, it
may be confusing if people make mistakes simply because the rules keep changing.
At the same time, teach-me cues can help the system become more user-friendly
and efficient. This is a two-edged sword, so use your best judgment. The
appropriateness of the cues for employees trainees and customers are summarized
in the Table 3.

Table 3. Appropriateness of the Different Cues

Employees Trainees Customers
Warning 4 v v
Gagging v No No
Nonresponse v No No
Self-Correct ? (automate) v v
Let's Talk No v v
Teach Me ? ? ?

This table shows that not all cues are good for every situation. It is
important that the person being cued can see why the system is blocked and know
how to clear it. Also, since mistake-proofing is supposed to be simple and
inexpensive, the last three types of environmental cues are probably too complex to
use for mistake-proofing.

©Chase & Stewart, 2002 Mistake-Proofing: Designing Errors Out



24

Difficulties with Environmental Cues

There are, unfortunately, two difficulties with applying environmental cues
to error detection. The first difficulty is that while environmental cues are a reliable
way to detect mistakes, they cannot make judgment calls, such as whether an
employee was friendly, or the soup was good. With some thought, however, it is
possible to approach judging quality by deciding how much of something is too
much (or too little), and then using an inexpensive sensor to provide a cue at that
threshold. For example, printers used to use the evenness of color to judge printing
jobs, but now they use light dosimeters to ensure the color variation does not
exceed a set value.

The second difficulty is providing a cue for a mistaken decision. As we
mentioned before, checking by others can be used to detect mistakes in the
decision-making process, but there are only two ways to then check the decision.
The first is to know the correct answer ahead of time and compare it with your
results. The problem with this in the real world is that we often don't know the
correct answer ahead of time.

The second way to detect a poor decision is to compare the results with the
desired outcome. Unfortunately, there is often a considerable lag time between
making the decision and seeing the results. Even worse, once many decisions are
made, they are irreversible. We therefore need to provide cues for a mistaken
decisions rapidly and before we implement the decision on the system. Simulators
are probably the best means for providing a cue under such circumstances. A good
simulator allows the decision maker to quickly try out several different decisions
and see the results before acting on the real system. Such simulators can be very
effective at aiding decision making in large, complex systems such as refineries and
nuclear power plants.

DETECTING MACHINE MISTAKES

Detecting the mistakes that machines make is really only a variation on
detecting human mistakes. Since most machines cannot detect and correct their
own mistakes, their human operators must do it This leaves us with two
possibilities. The first is to rely on human operators to detect mistakes. The level of
mistake detection that an operation requires depends on the level of operator
guidance in the process. The more complicated operations require direct and
continuous control of the machine. The reliability of detecting mistakes in these
situations corresponds to that of self-monitoring. Operations in which the machine
is more autonomous, with the operator performing ancillary tasks such as loading
and unloading require a reliability of detection that corresponds to that of detection
by others.
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The second, and most effective means of detection is to rely on
environmental cues to signal the mistake. These are the same cues we use to
indicate human mistakes.
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8

POKA- YOKES: DEVICES AND
METHODS FOR MISTAKE-PROOF
OPERATIONS

This chapter shows how to insert environmental cues into a process through
the use of mistake-proofing devices or procedures. Shingo calls these devices
poka-yoke (from the Japanese yokeru, "to avoid" and poka, "inadvertent errors").
These devices also allow us to maintain the constant vigilance and inspection close
to the source that we saw was necessary to minimize the damage from mistakes in
the process. Poka-yokes are:

o simple, inexpensive, therefore, cost effective.

o automatic or part of the process, therefore, always actively looking for
mistakes.

o placed close to the mistake, therefore, providing feedback quickly to
minimize the damage from the mistakes.

Examples of poka-yokes literally are all around us. Many common
consumer products have built-in poka-yokes. For example, microwave ovens have
a switch in the door as a poka-yoke to prevent running the oven with the door open.
The system provides a nonresponse cue by not operating until the door is closed.
Since the oven runs on a timer, you can easily forget you have left food in it. A
poka-yoke in the form of a bell or beep lets you know when your food is done.
Some newer ovens continue to beep every minute or so, until you open the door, in
case you missed the first warning.

The goal of this chapter is to open your eyes to the different ways you can
create poka-yokes. It provides numerous examples that we hope will help you get
started developing them for your own business. As you will see, you can use
poka-yokes to control or prevent mistakes from machines, from employees, and
even from customers.

KEEP IT SIMPLE

Keep it simple. The key to creating mistake-proofing devices and
procedures is to not do too much at once. To build a device to catch every
conceivable mistake that could be produced would invariably require you to
develop costly computer imaging and robotically controlled inspection equipment.
Instead, concentrate on clever, inexpensive methods to check for only one mistake
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at a time. If you have two possible mistakes, develop two separate devices or
procedures to catch them.

Don't worry about developing an unmanageable number of devices.
Remember that when checking for mistakes you are only looking for those made at
the current or the previous processing step. Only a relatively small number of
mistakes can occur in a given step. In addition, this number is further limited since
not all possible mistakes can occur or need a special device or procedure to detect
them. In essence, some mistakes, while possible, are not really conceivable. Other
mistakes are so obvious they can be self-detected immediately without the help of
additional cues. Toyota, which is very experienced at mistake-proofing, averages
about twelve devices for each machine.”

TYPES OF POKA-YOKES

The numerous examples of mistake-proofing devices and procedures in
both services and manufacturing are of four different types of poka-yoke: physical
poka-yokes, sequencing poka-yokes, grouping and counting poka-yokes, and
information-enhancement poka-yokes.” The names describe the methods used to
sense whether or not things are as they should be. The nature of the cue (warning,
gagging, etc.) can vary, but is independent of this classification.

e Physical poka-yokes rely on some physical property of the process. This
could be a physical aspect of the product, a tool, or even a person.

o Sequencing poka-yokes rely on the ordering of process steps, either
monitoring the correct sequence of steps, or requiring that certain
mistake-prone or oft-forgotten steps be performed before continuing
with more routine steps.

e Grouping and counting poka-yokes rely on their being a natural grouping
or fixed number of items or steps, causing discrepancies to appear out of
place.

e [nformation enhancement poka-yokes involve moving information
across time, distance, or people in order to provide a cue that could not
otherwise be detected at the removed location.

You can use these differences as a guide to facilitate the development of
such devices in your own operation. Perhaps the best way to explain these methods,
however, is through example. The rest of this chapter provides numerous examples
of each of the four methods grouped into some of the most popular forms that each
method takes.
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PHYSICAL POKA-YOKES

Physical poka-yokes identify mistakes by detecting inconsistencies among
physical characteristics. These mistakes can affect size, shape, orientation,
appearance, or even the presence or absence of something. We have seen at least
eight common types of physical poka-yokes -those that rely on

o orientation and placement

o delimiting and controlling the physical space
° lock-outs, lock-ins, and interlocks

o go/no-go gauging

o dispensers

o detecting presence or absence

o improved visibility

o unusual physical attributes

They are not mutually exclusive, it may be possible to classify one device as
more than one type of physical method). There may be other types, but these eight
types serve as a starting point for developing your own physical poka-yokes.

Orientation and Placement

There are numerous devices you can use to assure the correct orientation or
placement of an item. The most common examples of these are templates, jigs, and
cutouts and guide pins. A good example of a template is one that a certain trucking
company uses. Employees consistently had trouble attaching labels at a specified
distance from two sides of a container. The company introduced a poka-yoke that is
a simple template employees can place over the comer of the box, leaving a
window where the label is to be attached. (See Figure 4.y

Another common employee mistake is positioning parts incorrectly on a
machine. This can lead to defective parts and broken tools or equipment. A jig, such
as the one shown in Figure 5, is a useful poka-yoke to prevent this. Pushing the part
into the jig correctly positions it under the working head of the machine and allows
employees to drill a hole or cut a notch precisely every time.

©Chase & Stewart, 2002 Mistake-Proofing: Designing Errors Out



29

Figure 4. Labeling Template

Figure 5. Jig for Part Placement

Very often, the parts and tools that employees work with are symmetrical
(or will appear so at first glance). To prevent employees from misorienting such
parts during assembly or machining, they can use cutouts in the parts or guide pins
attached to the parts. If the parts are not correctly oriented, the guide pins cannot fit
into their respective holes, and the cutouts cannot fit over their notches. This keeps
the parts from being fully inserted into the jig or the components from being
attached to the assembly. (See Figure 6.) Note that in addition to the placement of
the notches, different sizes or shapes for the guide pins and cutouts can help
employees distinguish the correct orientation.

guide pins cutout

Correctly oriented Incorrectly oriented

Figure 6. Guide Pins and Cutouts (that limit orientation)
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Controlling Physical Space

Some poka-yokes use physical constraints to control the work area. They
are particularly useful for preventing mistakes where the positioning of people,
rather than parts, is involved. A common mistake customers make is lying down to
sleep in waiting areas, particularly in airports, and bus and train terminals. When
customers lie down, they deprive other customers of seats, and detract from the
appearance of the waiting area. The way to prevent this is to break up the space on
the benches into areas that are too small for lying down. A good poka-yoke to
accomplish this is armrests on the chairs which prevent anyone from lying down, or
otherwise taking up an unfair amount of room, while at the same time giving the
appearance of added luxury.*

The chains that configure waiting lines are another means of controlling
physical space. They prevent customer mistakes by indicating where the lines
should form and the number of lines to form. They also require customers to enter
the end of the line to approach the serving area.

A final example of this type of poka-yoke is the common turnstile.
Turnstiles function as one-way gates, allowing customer flow only in the desired
direction. Turnstiles prevent customers from entering through exits, leaving
through entrances, or otherwise moving against the flow.

Lock-outs and Lock-ins

These devices provide a cue that there are special conditions for entry or
exit from a space, such as the cutting area on a machine or the inside of a large
mixing vat. A lock-out prevents access to an area, while a lock-in prevents exit
from an area.

One effective lock-out is found in the stairwells of many older, multistory,
buildings. People who visit or work in such buildings rarely use the stairs except in
an emergency. During an emergency, however, unfamiliarity can cause them to
circle down the stairs until they become trapped in the basement by the others
behind them. In newer and renovated buildings, a separate stairway leads to the
basement, but in older buildings, they may install a gate as a lock-out at the top of
the last flight leading to the basement. To get to the basement, one simply opens the
gate. The gate provides a warning cue in an emergency that people should leave the
stairwell on this floor. Similar lock-outs can also prevent people from
unintentionally entering dangerous areas in the workplace.

We can also apply lockouts to services. Lotte World theme park in Korea
does not want their employees to put their hands in their pockets while standing
around waiting for customers, because they feel that this does not convey the
proper willingness to serve. Their simple poka-yoke to prevent this is to sew the
pants pockets shut on all employee uniforms.

©Chase & Stewart, 2002 Mistake-Proofing: Designing Errors Out



31

Go/no-go Gauging

Go/no-go gauges are fixed gauges for quickly checking the dimensions of
an item. These gauges quickly provide a cue if an item is too big (doesn't fit through
a gauge) or too small (does fit through a gauge). You need two gauges (one for each
tolerance limit) to tell if an item is within specifications. These gauges most often
take the form of simple crossbars, fixed calipers, or circular cutouts. Similar
devices can also be devised which quickly compare other physical attributes such
as weight.

Gauges can be set to cue machine mistakes automatically. One such
example was found in a machine that produces stem tighteners. Periodically, it
produced tighteners that were too thick or thin. To detect such machine mistakes
quickly, the company installed go/no-go gauges across the discharge chute from
the machine. Angled across this chute are two bars mounted at different heights.
They mounted the first bar at the height of the upper specification. Any tighteners
that cannot fit under this bar are shunted to a side tray. They set the second bar at
the lower specification limit, and any parts that fit under this bar continue to the end
of the chute where they also fall into a tray. The second bar diverts all of the
tighteners within specifications into a bin for accepted parts. If a tightener lands in
either of the defect trays, an alarm sounds and the machine stops automatically until
somebody can correct the problem. (See Figure 7.) They also adjusted the machine
to decrease the likelihood of jamming, partially addressing the source of the
mistake.

Such gauges are not limited to the shop floor. Customers often use such
gauges to detect and prevent mistakes. Some amusement park rides require riders to
be above a certain height (so they do not slip through the safety restraints) or below
a certain height (to keep larger people off of rides meant only for small children).
Parks do not want customers to discover they are too small or large after waiting in
a potentially very long line. By placing a gauge at the front of the line, customers
can tell if they are tall enough (or short enough) to go on the ride without waiting in
line. (See Figure 8).

Source: Modem Approaches to Manufacturing Improvement: The Shingo System, edited
by Alan Robinson (Portland, Ore.: Productivity Press, 1990), 249.

Figure 7. Stem Tightener Go/no-go Gauging
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Figure 8. Height Gauge at Amusement Park

Another example is found at airports. Often customers discover that their
carry-on luggage is too large to fit in the overhead compartments or under the seat.
This can delay the entire aircraft as the flight attendant searches for a suitable place
to stow the oversize luggage. In many airports you find go/no-go gauges that are the
same size and shape as the under-seat compartment placed near all check-in points
(at the main desk and the gates.) Before boarding the aircraft, customers can now
quickly check their carry-on luggage, to see if it fits or should be checked.

Dispensers

Dispensers are another important physical prevention method. Generally,
they release a fixed volume or mass on demand, which prevents mistakes in the
measurement steps of a process. There is no cue here; these devices simply
eliminate measuring mistakes. There are many simple dispensers, but our personal
favorite is the McDonald's french fry scooper. McDonald's employees can make
two mistakes when filling a bag of fries. If they provide too little, the customer is
unhappy, but if they provide too much, McDonald's loses money. Most people have
seen the McDonald's french-fry scooper-it is a simple, funnel-shaped, aluminum
scoop. The employee first inserts the narrow end into the fry bag, then digs into a
pile of fries with the wide end of the scoop. Once full of fries, the scoop tilts back
and funnels the fries into the bag. Varying the width and length of the wide end
adjusts the amount of fries gathered with the scoop to just slightly overflowing
without being too generous.
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Detecting Presence or Absence

Numerous inexpensive devices can provide a cue if an item is (or is not)
present at some location. These devices can warn of forgotten parts, the entry of
customers, excessive (or insufficient) line-ups, or the presence of an item that is
difficult to verify without assistance. For instance, attaching small limit switches to
jigs, as shown in Figure 9, can turn a simple warning cue into a control
(nonresponse) cue. When the part is fully pushed into the jig, it closes the switches
and connects power to the machine. This eliminates mistakes because the machine

will not run unless the part is fully inserted.

Simple proximity sensors cue the operator if a bit breaks on a machine. (See
Figure 10.) The broken bit is too short to trigger the proximity sensor, which signals

the operator with a warning light.

~ A
O

Figure 9. Limit Switches on Jig

Figure 10. Proximity Sensor Detects Broken Bit
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There are many examples of poka-yokes to detect presence or absence in
services as well. Photoelectric switches operate bells on shop doors. Drive-over
signals, such as bell chains at service stations, ensure that management or
employees know of the customer's arrival. Line-length sensors cue to open another
cash register line.

Similarly, such poka-yokes can prevent common customer resolution
mistakes. For example, beepers on ATMs warn customers when they have left their
card in the machine. Automatic toilets flush and automatic sinks turn off the water
when the customer finishes using them.

Improving Visibility of the Correct Choice or of the Mistake

In many cases you can make cues more visible through placement,
coloration, contrast, or some other means. These poka-yokes are appropriate when
a quick visual check is necessary, and a person only needs to be reminded of the
appropriate activity.

At Microsoft-Ireland, workers were leaving disks in the take-up hoppers of
the disk duplicating machines during customer order processing. To provide a more
visible cue, the insides of the hoppers were painted white to contrast with the black
diskettes.

A small manufacturer of cardboard boxes in Arizona uses a visual
poka-yoke to signal when it is time to reorder cardboard stock. The company keeps
the stock in stacks against a wall. They painted horizontal lines at varying heights
across the wall to signal the reorder point for each type of stock. When the height of
a stack gets low enough for the line to show, it is time to reorder. (See Figure 11.)

Hotels use visible cues for the housekeeping staff. They wrap paper strips
around the towels, to separate the fresh towels from those that need replacement.
Placing a clock next to the switchboard console can prevent operators from
answering "good morning" in the aftemoon.*

The Cleveland Medical Center uses colored lines on the floor to help
patients find their way to different areas of the sprawling hospital. Another hospital
in Indianapolis color-codes the doors to patient's rooms to match the nearby station
in the hall where the patients records are kept, making it easy for doctors to find
them.

Mirrors are another common way of increasing visibility. Placing them in
convenient back office locations allows employees to inspect their personal
appearance (which affects the tangible aspects of the process). Mirrors can also be
used to decrease treatment mistakes by placing them in front of telephone operators
to ensure a "smiling voice."

©Chase & Stewart, 2002 Mistake-Proofing: Designing Errors Out



35

Figure 11. Card Stock Reorder Poka-yoke

At the checkout counter, many cash registers have a tray on top to hold the
customer's payment. The visible presence of the customer's payment reminds
employees of the denominations received and helps prevent mistakes in making
change. Additionally, many cash registers use color-coded keys for different items
to improve visibility. Also, by folding the edges of the top two copies of a credit
card receipt to reveal the one labeled "customer copy" the customer is better able
see which copy is theirs.

Taco Bell improved the visibility of the order-taking process at some of
their drive-throughs by adding a display that itemizes what the customer ordered.
This allows the customer to inspect the order and correct mistakes before they
become defects "in the bag." Another example seen in most fast-food restaurants is
the trash can with integrated tray return, which acts as a strong visual cue to
customers who might not know to bus their own tables.

A final lesson in the power of improving visibility is that it works even for
the very young. A child-care expert advocates placing a picture by the door of
child-care centers to show children what a clean room looks like.

Use of Unusual Physical Attributes

In some instances you can use peculiar aspects of items, such as texture,
mass, or electrical properties as poka-yokes.

An excellent example of this is a device that detects and corrects
upside-down washers. One company uses a machine that requires washers to be
inserted with the burr side down. Noting that the smooth side slides more easily on
a rough surface, an employee developed a poka-yoke out of a common belt sander,
inverted and inclined as a conveyor belt. (See Figure 12.) Washers with the burr
side up slide down the belt and flip over in the process. Correctly oriented washers
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with the burr side down are carried up the belt sander to the top where they slide
down a chute.”’

The ultimate example of a poka-yoke that uses unusual physical attributes is
the coin testing unit in a vending machine. (See Figure 13.)

The coin enters a slot, which has been carefully measured to
accommodate the required coin or coins, and rolls down a chute to two
hook-shaped balance arms. A coin of the correct weight presses the right
arm sufficiently to move a counterweight on the left; displacement of the
arm allows the coin to pass. The diameter of the coin is also checked at this
point-too-small coins slip from the hooks to the coin return receptacle.
Those that are too large get stuck. When the coin return button is pushed, a
side flap opens, allowing the coin to fall into the return receptacle. A coin
of the proper size and weight continues through the machine past a strong
magnetic field. If the iron content of the coin is high, for example, the
magnet catches it. The coin return button triggers a wiper that sweeps the
coin away from the magnet. The speed of the coin as it moves through the
machine is thus dependent on composition and mass. The speed it
accumulates must be sufficient to allow the coin to jump over a rejecter pin
and down an outlet leading to the release mechanism, which in turn allows
the vending machine to deliver the desired product.®®

burr side down

s
_burrsice up

¥

Source: Modem Approaches to Manufacturing Improvement: The Shingo
System, edited by Alan Robinson (Portland, Ore.: Productivity Press, 1990), 152.

Figure 12. Automated Sorting of Washers
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Figure 13. Coin Testing Unit in a Vending Machine

A Final Note of Physical Poka-Yokes

When you develop your own physical poka-yokes, do not overlook the
many inexpensive electronic sensors that are available to perform almost any type
of physical sensing from simple detection and proximity to thickness, vibration,
and color.

SEQUENCING POKA- YOKES

Most activities in a business consist of series of steps. Often you can use the
simple fact that some steps must take place before others as part of
mistake-proofing a process. Sequencing poka-yokes indicate, discourage, or
prevent deviation from the order of steps in a process by making completion of a
later step contingent on an earlier one. These poka-yokes often take the form of
baiting, task substitution, and interlocks.

Baiting

Baiting is very straightforward. It consists of a reward step to follow an
often forgotten or undesirable step in a process. Receiving the reward is contingent
on completing the earlier step. This is particularly useful for prompting customers
to do what they otherwise wouldn't do.
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The classic example of this type of poka-yoke is customer comment cards
used at some hotels, which offer a free gift or rebate for filling them out and
returning them to the front desk.

Task Substitution

Task substitution is less overt than baiting. It relies on inserting steps in the
process that have indirectly positive results. For example, a bank requires tellers to
mark a customer's eye color on a checklist at the start of the encounter, indirectly
assuring eye contact. Or, on the shop floor, a guillotine press has two separate
switches that employees must push simultaneously to bring the press down. This
indirectly assures the employees remove their hands from the working area.

Such poka-yokes work very well on customers. It often turns out that people
who call the customer service line at a cable television company have inadvertently
switched their television from channel 3 to some other channel. When asked if the
television is on the correct channel, the customers may automatically say yes. To
ensure that the television is tuned to the correct channel, without embarrassing the
customer, the cable company has resorted to this simple poka-yoke. They ask the
customer to change the channel on their television to channel 5 and back to 3 again.
If the signal returns, the problem is fixed and the customer is happy. If not, the
poka-yoke has eliminated at least one potential problem.

Digital Equipment Corporation (DEC) uses a similar poka-yoke. DEC asks
customers to gather such information as the serial number of their system, the type
of system they are using, peripheral components on the system, and the type of
service plan they chose before calling the computer technical support line.
Customers who wait until they are on the line with the technician to gather this
information waste capacity and create longer waits for the other customers. DEC's
service flier, in the form of a flowchart, acts as a task substitution poka-yoke. To
determine the correct number to call, customers must answer three yes-no
questions, gathering the required information in the process. (See Figure 14.)

Interlocks

Interlocks are similar to lock-outs and lock-ins. An interlock, however,
includes an additional step that removes the lock. The way interlocks prevent
mistakes is much like a mechanical version of baiting, mentioned above. To
accomplish the desired or easily remembered task, the person must first disengage
the lock by performing the interlocking, easily forgotten or undesirable task.

An excellent place to use these poka-yokes is on machinery, that requires
operators to perform a safety task before starting the machinery. One such example
is found on the machine used to balance tires. A safety hood covers the tire while it
spins at high speeds to determine the correct balance. To activate the power to the
machine, the operator must first close the hood.
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Source: Customer Service Newsletter, 20, no. 1, (January 1992).

Figure 14. Digital Equipments Service Flyer

Shingo refers to a whole host of manufacturing examples that use shuttered
doors to block access to key parts until the employee takes an interlocking step,
such as reaching into the oft-forgotten part bin and breaking a photo-electric beam
which opens the shutters.”

These devices can be adapted to service uses, such as those seen on airline
lavatory doors. In order to turn on the lights, the passenger must lock the door,
which automatically activates the occupied sign. Another wonderful example was
found in the bathrooms of L 'Hotel Louis XIV. Two adjacent rooms shared each
bathroom. Often, guests forgot to unlock the door that leads to the other room when
they were finished. To solve this problem, the hotel removed all locks on the
bathroom doors and installed an interlock poka-yoke. (See Figure 15.) It consisted
of two straps that were attached to the handles of the bathroom's two opposing
doors. Since the doors opened outward into the rooms, to lock the bathroom doors,
the guest need only hook the straps together. To leave the bathroom, the straps had
to be unhooked, "unlocking" both doors.*
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Rubbermaid has developed a mailbox with a built-in interlocking
poka-yoke. Whenever someone puts mail into the box, the flag is automatically
raised, notifying the customer that mail has been delivered.
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Source: R. Caplan, Why There Are No Locks on the Bathroom Doors in Hotel
Louis XIV and Other Object Lessons (New York: McGraw-Hill, 1984), 161.
Figure 15. Third floor Bathroom in the Hotel Louis XIV

GROUPING AND COUNTING POKA-YOKES

Grouping and counting poka-yokes are designed to make it easier to tell
when we have omitted (or included extra) objects, information, or repetitions. They
are particularly useful when you deal with large numbers or set groupings.
Generally these methods either do the counting for us, group many individual items
into multiple item batches (to make counting easier), or provide patterns where
omissions and inclusions stand out as clear cues that something is amiss. Five of the
most common types of grouping and counting poka-yokes are counting and
ordering, arrangement, kits, layout mats, and checklists.

Counting and Ordering

There are many inexpensive mechanical and electronic devices that can
remove the burden of remembering how many times you have repeated a step, or
what number you have reached in a long count. Because of the pervasiveness of
these devices, we have included them as a separate category.

A manufacturer of auto bodies uses such devices on a spot welding machine.
To ensure that the employees remember to make all ten welds, the company hooked
up a counter to the portable spot welder and the pneumatic holding clamp. This
prevents release of the clamp until the spot welder has been operated ten times. (See
Figure 16.)'
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Counters and ordering poka-yokes are common in services too.
Take-a-number systems not only help prevent mistakes in serving customers out of
turn, but they also free the customer from physically standing in line. Sewell
Cadillac places color-coded numbered markers on cars as they arrive at the service
facility.”* The numbers assure that the customers are served in turn, and the colors
signify which service advisor has responsibility for that car (an improved visibility
poka-yoke).

|

Modem Approaches to Manufacturing Improvement: The Shingo System, edited
by Alan Robinson (Portland, Ore: Productivity Press, 1990),283.
Figure 16. Counter-controlled Spot Welder

Arrangement

Sometimes we can use the arrangement of items to facilitate our counting
ability. For instance, by batching items in multiples of 10, we only have to count the
batches and multiply. We can use batching with individual packages, spacing
between groups, or by using a matrix with ten columns and counting the rows. A
trucking company uses egg-crate-like partitions in boxes to make it clear that the
correct quantity was packed.” In hospitals, gauze used in an operation comes
packaged in fixed quantities, allowing quick determination of the number used, (to
ensure that none is left in the patient). Another firm arranges their bulletin board
with colors, posting messages on green, amber, and red paper for compliments,
gripes, and failures respectively. A quick look at the board allows employees to
assess how the company is doing.

Kits

Kits are a quick and easy way to assure that all and only the necessary items
are used. With a kit, it is impossible to use more than the number of items in the kit,
and any items that remain in the kit are cues that, indicate something may have been
forgotten. Manufacturers often use kits to group all of the parts needed to install a
product option. This eliminates the employee having to remember which parts to
retrieve and install.
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In hospitals, all of the items necessary for some standard procedures, such
as catheter installation, are packaged in kits. In addition to assuring both sterility
and the presence of all necessary items, any unused items remaining in the kit can
signal an improper installation. Some hospitals package all patient medication in
the correct dosages and load them onto carts at the pharmacy. As the nurses
complete their rounds, any remaining medication signals a missed patient, or
changes in their treatment that need to be recorded.

Layout Mats

Layout mats, and variations on them, rely on the principle of a place for
everything and everything in its place. Since each item has a clearly mark place, an
empty spot is a cue for an omitted item. Extra items cannot be added, because there
is nowhere to put them. A layout mat confers the same benefits that a kit does. It is
a particularly useful method of assembling kits from stock parts, (or reassembling
them after use). Figure 17 shows a layout mat for the tools and parts necessary to
hook up a television to a cable outlet.

Probably the most common place to see layout mats is on the walls of a tool
room. Outlines of the tools are painted where the tools should hang, assuring that
all tools are returned to their proper place, and indicating when tools are missing.

In manufacturing, layout mats are particularly useful in preparing for a
machine setup. A layout mat can be used to assemble all the tools and parts
necessary to take a machine off-line. This eliminates running back and forth to the
storage area for forgotten parts and tools while the machine stands idle.

’."‘I d - - \agona )
i o Yrif - \
| L! Sl L _J / !..
7J ! e f/‘ \
‘I ’ [ AT\ f!l
N | { \ (Y ) \I‘ (
A \ \ Crimpe %ok ]
N\ \ \ /o
’/ / A\ \ —i( ‘ { a'ﬂ" AK/\\
\ \ | [ \
. | =\
a y ()]
\ \ /]
\ % / / [ P\ -‘I
\ \\ . ‘t‘ '[I | IIJ
r\ \.' \,l “‘ y l /
B it

Figure 17. Layout Mat for Hooking Television up to Cable Outlet
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In the operating room, surgeons use layout mats in the form of instrument
trays with indentations for all of the instruments. Using these trays ensures that all
of the instruments for an operation are present and sterile, and that all are removed
from the patient before closing. Even child-care centers use layout mats, painting
outlines for toys on the floor to indicate where they should be returned to at the end
of the day.

ChecKklists

Everybody is familiar with checklists-everyone uses them because they are
so simple, yet effective. In fact, many pilots refer to them as being the greatest
single safety device on an aircraft.

Checklists are similar to kits and layout mats, but instead of grouping
physical items, they group information. This information can take the form of items
to use, steps to take, or even additional information to obtain. As you meet each
requirement of the checklist, you check it off or fill in the necessary information.
Blank spaces on a checklist act as cues to signal missing information. A typical
example is packing slips, which can be printed in the form of checklists. These
allow packers to check off items as they are included.

Checklists need not be simple, itemized lists, on paper. To ensure
friendliness, one fast-food company gave employees a mental checklist of four
times when they should smile for maximum effect (instead of simply telling them
to smile all the time). These four times were when greeting the customer, when
taking their order, when asking about the dessert special, and when giving the
customer change.*® Forms are another type of checklist for gathering information,
often from customers. A good form must clearly indicate what to fill out and when
it is complete.

INFORMATION ENHANCEMENT POKA-YOKES

Information enhancement Poka-yokes rely on getting information to where
it can be used to prevent a mistake. Often, the information is physically displaced,
temporally displaced, or lost amidst all of the extraneous information people
continually receive. This information can be as simple as a cue that something is
wrong, or as detailed as the information necessary for decision making.
Information enhancement poka-yokes, can be high-tech and rely on
telecommunications and display systems, or they can be low-tech and rely on
bulletin boards and written notes. Either way they move information through time
and across space or make it stand out in the flow.
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Moving Information Through Time

When we refer to moving information through time, we are really referring
to three different problems, each with its own difficulties.

STORING INFORMATION FOR LATER USE. Stored information can prevent
mistakes. But this requires anticipating the information you will need and storing it
where you can easily or automatically retrieve it later. We usually store information
in databases and filing systems, but there are some simple, alternative means by
which information for preventing mistakes can be sent into the future. Consider
carrying it-wear an alarm watch to jog your memory.*> Try mailing it-to prevent
clients from forgetting appointments, mail them reminder cards.

Use the phone-send voice mail messages to yourself when you need a
reminder.*® In fact many voice mail systems allow you to record a message to send
automatically to people, including yourself, at a specified time in the future.
Another method, seen at computer manufacturer Gateway 2000, is to play
messages on how to solve common problems to customers waiting on hold for
technical support. The messages anticipate their problems and readily provide that
information to them. The Gary Larson cartoon on the next page suggests another
means by which you can send important information into the future.

CONSOLIDATING INFORMATION TO GET THE BIG PICTURE. If the
information is scattered over a period of time you may need to consolidate it. The
most common high-tech method is to use a computerized information system (CIS).
The key to success is to have well designed work screens on the system. A good
work screen design consolidates the necessary information and minimizes the
amount of toggling between screens. This is particularly important for customer
contact people who shouldn't be distracted by the information system. The
PRECISION®M system at Rosenbluth Travel consolidates all of the information the
reservationist needs. The system integrates the current planned itinerary with the
customers' personal travel preferences (e.g., aisle seat), their frequent flier accounts
and other bonus plans, their companies' travel policies (e.g., business class for
international travel), and the reservations systems of airlines, hotels, and car rental
agencies. It uses conditional logic to display this information in a cohesive format,
prompting the representative with appropriate screens for each step. For instance, a
layover in a city causes the screen for hotels and car rentals to appear.”’

Although installing a new CIS can be an expensive process, changing the
format and contents of the work screens on an existing or planned system is
generally far simpler and less expensive. If you do it well, the changes are worth the
effort.

A low-tech way of consolidating information is the bulletin board.
University of Pennsylvania's food services manager gathers customer comments
over time with complaint boards posted at all dining facilities. Customers can leave
their comments and complaints on the boards. Over time this method compiles
information on the biggest problem areas.
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PREDICTING INFORMATION. Unfortunately, we cannot see the future, so
we must anticipate or forecast what the information will be. The most important
forecasting method from a mistake-proofing standpoint is the simulator. The
importance of simulators in detecting many decision mistakes has already been
discussed in Chapter 4. Numerous readily available software packages can do
anything from standard statistical forecasting to aiding the development of more
subjective group predictions. The discussion of these packages, however, is beyond
the scope of this book.

Moving Information Across Space

Moving information through space is a much simpler problem than moving it
through time. Modem telecommunications technologies and services now allow us
to transmit information reliably over very long distances and to almost any
location, reliably and inexpensively. This trend will continue, allowing richer
information formats and greater speed and access, with even lower prices in the
future. This does not mean that all information handling must be done
electronically. At times it may still be easier or cheaper to use low-tech methods.
Match the means of transmission to the richness of the information you wish to
transmit. In other words, you don't need to transmit video to indicate when a
customer has entered the store (a simple bell or light suffices). But, you may need
video if it is important to know who entered the store.

One business writer advocates providing employees with a button to press, in
the event of a hostile customer, that signals a manager to help resolve the problem
before it gets out of hand. This allows the employee to summon the manager
without leaving the customer alone and fuming.*®

The Denver Department of Motor Vehicles complemented their
take-a-number system by installing message boards, that display the current
number being served, in a tavern across the street. This allows customers to play
some pool and have a soft drink while waiting for their turn. The 300-seat Cove
Restaurant in Deerfield Beach, Florida, issues pagers to waiting customers. This
allows the customers to wander the scenic waterfront without missing their table
call. The system cost about $5,000.° A dental office uses a similar system, issuing
pagers to parents so they can shop while their child is treated.

We see two problems that arise in moving information across space and time.
The first is keeping the information associated with the correct item or person as it
is transmitted. Bar coding systems and ill or account cards with magnetic stripes are
two readily available solutions to this problem.

The second problem is psychological. Customers are often uncomfortable
when employees use computerized systems in their presence. This is partially due
to the unknown, and partially due to concerns over privacy and information
accuracy. A major hotel chain gets around this problem by using a low-tech system
to ensure acknowledgment of a guest's repeat business. When greeting the guest,
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the bellman asks if this is their first stay at the hotel. If they have been a guest
before, the bellman will discretely tug his ear as a signal to the front desk clerk who
will greet the guest with a hearty "welcome back". Tandy Corporation's Radio
Shack stores address this problem more directly. When clerks enter customer
information, they turn the screen so that the customer can also see what is there.
This allows the customer to check the accuracy of the current information.*

Making Information Stand Out

Sometimes we lose track of certain information in the endless stream of
information that immerses us. Maybe we have to sort through too much irrelevant
stimuli, or maybe the cue is simply too weak. What we need in these instances is to
make the information stand out against the background much like we did with the
physical poka-yokes for improving visibility. The methods for doing this make the
subtle cues more obvious. Strategically placed microphones can ensure that
customers' and servers' voices are audible. In some restaurants waitresses put
doilies under the cups with decaffeinated coffee so they can differentiate them from
the regular coffee when refilling. Cues such as badges, gold braid, and trainee but-
tons help convey information needed to identify different roles.

Sometimes the best recourse is to be blunt. Dress code requests on invitations
can clarify a potentially vague standard. To prevent customers from explaining
their problems to someone who routes calls, switchboard operators can answer the
phone "Good morning, ABC Company. How (or where) may I direct your call?"*!

A final option is to increase peoples' sensitivity, so they can detect subtle cues.
Many service companies train their employees to read negative nonverbal cues in
their customers to prevent miscommunication from escalating into a complete
service failure.
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6

DESIGNING OUT THE MISTAKES

There are two ways of implementing mistake-proofing in your organization.
The first is to jump right in and start mistake-proofing any problems you see. This
gets your feet wet and builds confidence in mistake-proofing. We do not
recommend it as an ongoing methodology, however. If you want to obtain more
substantial mistake-proofing gains, we suggest mapping out the system to guide
you in placing mistake-proofing devices where they do the most good. Place the
devices as close to the original mistake as possible and where they correct the
biggest problems facing your organization first. In this section, we briefly discuss
how to map your process, and how to locate mistake-proofing devices in the
context of an example from an automotive service facility. We conclude by
providing some guidelines for developing you own poka-yokes and discussing
some more general design issues.

PROCESS MAPS

Process maps (or blueprints, as they are sometimes known) provide us with a
means of integrating steps in a process with the information and people involved.
The process maps we discuss here were originally developed by Lynn Shostack for
use in designing services.*” They are basically enhanced process flowcharts that
incorporate additional information such as people involved, points of interaction,
means of contact, and flow of information.

Constructing a process map is relatively straightforward, though potentially
time-consuming, depending on the size of the process and the level of detail
included. Following are some guidelines for constructing process maps.

Guidelines for Mapping a Process
1. List process steps chronologically from left to right on the page.

2. Vertically arrange participants in the process from top to bottom, with the
customers at the top, the employees (ranging from the front line to the most
removed) in the middle, and the support systems and suppliers along the bottom.

3. Record the steps in the process horizontally according to time and vertically
according to the participant who performs the step. As with flowcharting, you can
use different shapes to differentiate between activities, for example, diamonds for
decisions, triangles for waiting, and boxes for processing.

4. Draw lines to connect the process steps. (Use different styles to indicate the flow of
materials, people, and information.)
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5. Draw lines of interaction between all of the participants. (These are horizontal lines
that run across the page, separating the steps that each participant does.) A hand-off
occurs between two participants where the process lines cross the lines of
interaction. By the type of line we can tell what was handed off. This information is
useful to us since so many mistakes occur during or because of hand-offs.

6. The final step to complete the process map is to draw a line that separates the steps
that are visible to the customer from those that occur behind the scenes. This is the
line of visibility. If you are a manufacturer, very little of your process may be
visible to the customer. On the other hand, it is possible that almost all of the steps
in a service may be visible to its customers. Earlier, when we discussed the
differences between customers and employees, we mentioned that you can correct
the mistakes the customer cannot see with little damage to the perceptions of your
organization (although the correction may still be financially costly). It is much
more important to prevent the mistakes that customers can see, before they damage
your reputation.*’

Using the Process Map

After completing the process map, you can use it to guide the introduction of
mistake-proofing devices into your organization as follows:

1. Determine what are the most serious mistakes.
2. Locate where they have been detected on the process map.

3. Trace back along the process lines to find the original source of the mistake. Look
for mistakes from any of the sources: employees (in task, treatment, or tangibles),
customers (in preparation, encounter, and resolution) and machines. Make sure
you trace back far enough. The first participant in the process may appear to be the
source, but it may be necessary to look a little further back to find the actual source.
The employee you finger as the source of defective parts may be working on a
miscalibrated machine, which in rum may be the result of faulty calibration
equipment.

4. Determine the cause of the mistake.

5. Develop an appropriate poka-yoke, locating it as close as possible to the source of
the mistake. Preferably, the poka-yoke should provide a controlling cue, but
remember to be sensitive to who is being mistake-proofed.
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Figure 18 Mistake-proofing a Typical Automotive Service Operation (Part I)
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Figure 18 (Part II)

Figure 18 shows a simplified blueprint of a typical automotive repair
operation. It shows some of the common mistakes and suggests poka-yokes to
prevent them.
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DEVELOPING MISTAKE-PROOFING DEVICES OR PROCEDURES

We have little advice to offer on the subject of designing your own
poka-yokes. Unfortunately, not much science is involved — the process is more
one of brainstorming possibilities. We can only offer you the following limited
guidelines:

1. Start by examining the cause of the mistake and its physical, informational,
and procedural surroundings to see which type of poka-yoke (Chapter 5
discusses types of poka-yokes) is appropriate.

2. Brainstorm with a team, preferably one that is actively involved in the
process. This is not absolutely necessary, but as with any brainstorming
activity, a group can provide synergistic effects and, hence, produce more
potential solutions.

3. Mistake-proof only one mistake at a time. (Remember that Toyota uses, on
average, 12 devices per machine.)

4. Remember that the goal is to develop clever, simple, and inexpensive
devices. (Don't immediately opt for the high-tech solution.)

Look through the examples of each type of poka-yoke as a means of
inspiring the imagination.*

6. Apply Shingo's 50-50 rule: If you are 50 percent sure that a device will
work, try it out. If it fails, you will probably learn enough in the process to
build a second one that does work.*

A final note on the subject of developing poka-yokes: When all else fails,
remember, it still may be possible to introduce brute automation and redundancy to
detect and correct mistakes. Automated inspection can often be relatively
inexpensive if computers are already heavily involved in the process. A good
example of this is found with the latest version of Microsoft's word processor,
Word®, which can be configured to continuously check and correct typographical
mistakes as you work. In instances where the mistakes may be highly subjective or
the work highly abstract, it may be necessary to have a redundant inspection. Many
consulting firms often have a second "peer review" of all reports by another consul-
tant. A similar system exists in the legal department of Motorola, which employs
the "two-lawyer rule": a second in-house lawyer reviews all contracts to check for
mistakes.*®

OTHER IMPORTANT DESIGN ISSUES

You may find certain other concepts interesting when you design your
processes to prevent mistakes. These are particularly relevant for customers,
because they are less familiar with the peculiar workings of your process.
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Visibility

The first concept is that of visibility. Many times we can determine the correct
operation of a physical device by getting cues about how it works. For example, we
know that doors swing around the hinges. Therefore, if the hinges are visible, we
know which side of the door to push. Other devices on the door, such as push
plates, can also indicate where to push and even whether to push or pull.

Real-world Mapping

Another related concept is the idea of real-world mapping. This kind of
mapping connects controls with what they control. As a result, we are able to use
our pre-existing knowledge of the system to determine how to manipulate the
controls to achieve our desired result.

Anybody faced with a bank of switches that bear no relation to the lights or
equipment they operate understands the benefits of real-world mapping. Imagine
you are in a room with three banks of lights, one across the front of the room, one
across the middle, and the last across the rear. If the three switches that control
these lights are mounted, side-by-side, on the front wall, it is unclear which switch
controls which bank of lights. If, instead, the switches are mounted on the side wall,
it is easy to tell that the switch closest to the front of the room controls the front
bank, the middle switch controls the middle bank, and the switch closest to the rear
of the room the rear bank of lights. The switches are mapped onto the real world.

Standards

Where visibility and real-world mapping cannot be applied, it may be possible
to use some widely accepted standards to ease operation. Instead of learning an
arbitrary configuration or procedure, use standards that require you only to draw
the connection between the current situation and the situation to which the
standards apply, and then use the already known standards. There are many such
standards to draw on, for example, open into rooms from the hallway, hot water is
on the left, valves turn clockwise to shut, press "FI" for help, and move switches up
for on.

The complexity and broad applicability of some standards is simply
remarkable. Roger Shank, a noted cognitive scientist, relates this story about using
a standardized restaurant script while traveling through a small town in Israel.

I know no Hebrew, and the owner of the only restaurant in town
spoke no language that [ knew. I walked in, looked at the owner inquiringly,
established that we had no language in common, and then we stared at each
other for a while. He began to motion towards his mouth. I took this as a
question about whether I had come into this establishment to eat, so I nod-
ded, and he showed me a table. The menus were in Hebrew, so I was lost.
The owner asked me some questions and upon realizing that this method
was not going to work, went into the kitchen. He came back holding a dead
chicken by the neck. He showed it to me. I took this to be a question about
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whether I wanted chicken. ...I nodded okay. Sometime later, I was served
broiled chicken, and I paid the check and left.*’

Schank and the proprietor were able to complete a business transaction
without any form of higher communication simply because both knew and agreed
upon the standard script.

Just as using a standard process can help prevent customer mistakes,
working against a strong standard can cause mistakes. Think of the confusion
generated when you go to the only gas station in the area that wants you to pump
first, then pay. You end up walking to the cashier twice, the first time to be told "go
ahead and pump it", and the second to pay for the gas. When your business operates
against standards, it is very important that you take extra precautions (including the
use of poka-yokes) to prevent customers from becoming confused. A good
poka-yoke for the gas station would be to prominently place easily read signs in
strategic places, such as on the pump handle and over the cashier window. The
"pump first" stickers that most gas stations use are ineffective. They are too small
and are usually lost amidst the clutter of other stickers on the pumps or on nearby
support columns where the customer does not regularly look.
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7

SUMMARY

To get full benefit from mistake-proofing, it is important to understand where
it works best, its effect on your customers, and its impact on your employees' jobs.

MISTAKE-PROOFING WORKS BEST WHEN...

1. There is a fixed sequence of operations that are routinely followed.
Ideally these should be linked in order to form an obvious value-added chain of
activities.

2. Each operation has clearly identifiable goals and specifications. If you
don't know what you want in the way of system outcomes at each step, you should
spend time rethinking the design, rather than mistake-proofing.

3. The number and range of inputs you must control for each operation is
small. While one of the big advantages of poka-yokes is controlling multiple
inputs, simple systems are inherently easier to mistake-proof.

4. The customer “knows the drill” in general terms, at least. The more
familiar the customer is with the process, the less you have to explain it, and the
fewer the number of contingencies you have to mistake-proof.

5. Tasks and tangibles rather than treatments are the core features of
the service. It's simply easier to set poka-yokes for actions rather than attitudes.
But remember, you can mistake-proof even treatments to some degree.

6. The process design must be fundamentally sound. Motivating
employees to mistake-proof a rational process is a lot easier than motivating them
to mistake-proof a flaky one.

MISTAKE-PROOFING AND YOUR CUSTOMERS

Customers appreciate dealing with businesses that run in a business-like fashion,
that is, that don't make mistakes. By and large they are willing to follow procedures
to assure that the organization meets this objective. The key is to make clear
through work and deed that mistake-proofing is to their direct benefit, not just some
way to make life easy for the company.

MISTAKE-PROOFING AND YOUR EMPLOYEES

Does mistake-proofing limit employee discretion? Absolutely. If the worker
must follow a checklist, act on specific warning cues, or is constrained by a
mechanical device to put a part in the machine just so, discretion is eliminated. On
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the other hand, if such methods free up the employee's mind to deal with decisions
that require some creativity, their job is both simplified and enriched. The point is
that mistake-proofing is analogous to automation — it works best for all when the
dull and risky portions of it are under system control, and the challenging and
interesting parts are in the hands of the employee.

HOW FAR CAN YOU GO IN MISTAKE-PROOFING?

We know that even the most aggressive mistake-proofing is still subject to
Murphy's Law. Nevertheless, you can keep this to a minimum if you are creative
and dedicated in your mistake-proofing efforts.

Go out and start mistake-proofing!*®
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