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At the time this article was published, Noe Salazar was
director of safety and security at Michelin Tire Corp.,
Greenville, SC. Salazar was also a member of the board
of directors for the South Carolina Occupational Safety
Council and a member of ASSE’s Piedmont Chapter.

He graduated from the U.S. Naval Academy with a
degree in systems engineering. This article received first-
place honors in ASSE’s Professional Paper Awards com-
petition for 1989.

IN 1950, JAPAN had a weak economy and a reputa-
tion for manufacturing cheap, low-quality goods.
That year, a group of visionary scientists, engineers
and businessmen sought out and brought to Japan
an American management consultant by the name
of W. Edwards Deming. Deming taught Japanese
industry how to use a tool called statistical process
control to achieve continuous improvement in qual-
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ity. But more than just a tool, he brought a philoso-
phy—which he later described with 14 points—for
the total management of a company. It was a man-
agement philosophy that changed world economies.

Thirty years later, Japan had become one of the
world’s greatest industrial powers. It had achieved
a reputation for quality that was unsurpassed. In
the 1980s, the Japanese industrial and economic
prowess has made almost daily headlines.

It may be argued justifiably that no one man was
totally responsible for this. However, it remains with-
out question that Deming’s philosophy was the single
most important influence in the Japanese turnabout.
For his contribution to Japan’s industrial and eco-
nomic postwar recovery, the Emperor gave Deming
the Second Order Medal of the Sacred Treasurer.
Japan has also named its most prestigious industrial
award after Deming—an award which is presented in
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tions as control limits and plot the annual defect rate
in the safety system—in other words, the injury rate.
In this example, one can see that the rate fluctuates
from year to year but all values are within the con-
trol limits (Figure 1).

This shows that there has actually been no change
in the performance of the system over these years.
Undoubtedly, in years when the rate was above the
median, we fretted over what was wrong; in years
when it dropped down, we patted ourselves on the
back. In reality, no difference existed between the
two values. The effects of any programs instituted in
this time period were overshadowed by the natural
random variation of the system output.

To get a clear understanding of a company’s safety
performance, it is necessary to view injury rates in
relation to the control limits of the safety system. For
an accurate view, a more sophisticated graphing tool
called a U-chart should be used to plot the company’s
monthly injury rates (see sidebar on pp. 54-55).

If you find that your safety system is stable or “in

a televised ceremony that has become a national hol-
iday. Deming has also been called “the father of the
Third Wave of the Industrial Revolution.”

However, like most great works, it is not enough
to simply read Deming’s 14 Obligations of Manage-
ment; rather, it is necessary to study them in depth.
It is not possible to explain the Deming philosophy
in this short article. Those who are not already famil-
iar with it can best gain an appreciation of this phi-
losophy by attending one of the many seminars on
the subject or by reading one of the many books on
his philosophy.

The purpose of this article is to interpret how the
Deming philosophy applies to safety. It is not neces-
sary to understand this philosophy to be able to
understand and use the points made here. But it is
useful to know this approach is based on such a suc-
cessful management philosophy. If your company
has already embraced Deming, it will aid in the
acceptance of this approach by management.

The basic concepts that will be presented are not
new; they are simply the fusion of some sound ideas
from the safety field with a sound management phi-
losophy. The approach, however, must be new. Rather
than implement new programs, the company’s man-
agement philosophy in safety must be redefined.

The Safety System
The tool of statistical process control (SPC) applies

to system output. In reality, anything that changes
over time can be considered a system. SPC shows us
that an output is never an exact value continuously;
there is always random variation. In most systems,
this random variation, when plotted over time or
occurrence, will yield a normal distribution or “bell”
curve. Statistics provides a tool for predicting the
probability that a single output value will fall within
a range of output values. For example, if a system is
stable or “in control,” more than 99% of all output
values measured will fall in a range of three standard
deviations centered about a median value.

Let’s define the values at three standard devia-
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DuPont safety philosophy. I have simply taken what is
already an excellent philosophy and adjusted it slight-
ly to relate it more clearly to the Deming philosophy.

Management Is Responsible
In quality, Deming tells us that management is

94% of the problem. What this means of course is
that the system within which employees work is the
cause for 94% of the problems and management
establishes and controls that system.

This is also true in safety. Management controls
the training resources, establishes and implements
work methods, develops policies and procedures,
determines expenditures for equipment and modifi-
cations, and even selects and assigns personnel.
Inevitably, it is line management that establishes the
performance level and the control limits for the qual-
ity of a safe workplace.

Many line managers, including some top man-
agers, have not accepted this responsibility. Too
many managers cite examples of injuries that “just
happened.” However, a serious in-depth analysis of
any of these injuries will invariably show there were
preventable causes. In any case, the facts will also
show that injuries with readily identifiable causes
occur much more frequently than those whose caus-
es are more difficult to find.

As in any other line of business, a cost-versus-risk
analysis should always be done—which means we
are not saying “all injuries will be prevented” (that
would be the same as saying we will achieve zero
defects). The recognition that every injury has pre-
ventable causes, however, will allow management to
take actions for continuous improvement in safety. It
is essential then that the first point of the new safety
philosophy, “All injuries can be prevented,” be-
comes ingrained in the company culture.

2) Training Is Essential
When the potential for an injury can be predicted,

actions can be taken to eliminate or minimize that
potential for injury. Once we have the understand-
ing that all injuries are preventable, training pro-

control,” it is important to understand that in many
respects this is the worst possible situation to be in.
What this says is that you can be confident that
employees in the company will continue to be injured
at the present rate. The ups and downs of injury rates
are simply random variation in the safety system. In
this situation, the system as a whole must be changed
in order to improve. To accomplish this, the compa-
ny’s management philosophy in safety must become
the Deming philosophy of continuous improvement.

Deming’s 14 points apply to companies in gener-
al. While the basic themes of these points are valid
for any process or system, it would not be accurate

to attempt to apply each point to a single process
or system within a company. Therefore, in apply-

ing the philosophy to a company’s safety sys-
tem, the focus will be on the basic themes. The
four points that follow are the application of
those themes to safety.

1) Constancy of Purpose
The change process begins

by establishing a constancy of
purpose in safety. Are there
global guiding principles for
safety in your company? As in
any other endeavor, there
must be principles and values
that guide the efforts in safety.
There must be a philosophy
against which everyday deci-
sions can be compared. There
must be a deliberate path
toward continuous improve-
ment. Otherwise, as an old
German proverb states,
“What’s the use in running if

you are on the wrong road?”
Before true improvement can be made in safety, top

management must establish a constancy of purpose
by adopting and committing to a safety philosophy.
An example of such a philosophy is presented at left.
Many may recognize this as being very similar to the

SAFETY 
PHILOSOPHY
• All injuries can be prevented.

• Management is responsible
for preventing injuries.

• Training employees to work
safely is essential.

• Safety requires the
involvement of all employees.

• Accident prevention is
good business.

Constructing 
a Control Chart 
(U-Chart) for
Injury Rates
In the safety field, we are interested
in plotting injury rates to make com-
parisons and determine trends.
Unfortunately, comparison between
two points is usually not meaningful
and it often requires a long period of
time before it is possible to see
whether a real trend has developed.
Often, we conclude there are trends
where none exist because statistically
valid tools are not used.

To get a clear picture of actual per-
formance, a U-chart must be used
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when plotting injury rates. In this
example, the number of injuries is
sampled on a monthly basis and the
typical unit of 200,000 workhours is
used as the common denominator or

“standard area of opportunity” for
determining N; N is, therefore, the
workhours divided by 200,000.

•The mean or u is arrived at by
determining the arithmetic average.

Units (n) UCL LCL
Workhours Injuries Workhours/ Rates u+ u-

Month (from records) (from records) 200,000 injuries/(n) 3�(u/n) 3�(u/n)

1 400,000 10 2 5.0 9.9 0.3
2 450,000 12 2.25 5.3 9.6 0.6
3 350,000 8 1.75 4.6 10.2 0.0
4 400,000 6 2 3.0 9.9 0.3
5 400,000 10 2 5.0 9.9 0.3
6 380,000 8 1.9 4.2 10.0 0.2
7 380,000 12 1.9 6.3 10.0 0.2
8 400,000 12 2 6.0 9.9 0.3
9 450,000 10 2.25 4.4 9.6 0.6

10 500,000 14 2.5 5.6 9.4 0.8
11 500,000 16 2.5 6.4 9.4 0.8
12 400,000 10 2 5.0 9.9 0.3

mean (u)

Totals 5,010,000 129 25.05 5.1
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managers by forcing them to choose too often
between what they perceived is best for themselves
and what was best for the company.

The solution according to Deming is to measure
the quality of the system, not the quality of the
results. Two key indicators should be selected for
measurement: 1) a sample of unsafe practices, be-
haviors and conditions; 2) the actions taken by man-
agement to positively affect the safety system.

Samples: Audits
The Accident Triangle (Figure 2) illustrates why

serious injuries should not be considered discrete
events. It has been determined that for every serious
injury that occurs, 600 incidences of unsafe behav-
iors, practices and/or conditions had occurred. As
in Deming’s quality examples, the question should
not be, “What went wrong that caused this injury?”
but rather, “What is wrong with the system that
allowed the injury to happen?”

To measure the state of the system then, we
should sample the level of unsafe practices, behav-
iors and conditions. The common term for this is
safety audits. Safety audits have been attempted
before and exist in various forms at many facilities.
However, many of these have been ineffective
because they concentrate on auditing for unsafe
conditions. To get an effective and accurate sample
of the system, audits must concentrate on observing
for unsafe practices and behavior. An effective audit
system will also require a coordinated, consistent
approach with proper training for all audit partici-
pants. There must also be a commitment from man-
agement to make safety audits a permanent part of
the management role.

Positive Actions
Inevitably, one number must be compared with

another to determine any level of improvement. Even
having a better view of system performance through
safety audits does not provide a clear and complete
comparative value. The variability of the measure-
ment system is too large with safety audits alone.

vides the means for making injuries predictable. The
basic difference between safe employees and those
who are accident-prone is that safe employees can
recognize hazards and hazardous actions and under-
stand the consequences. These are not skills we are
born with; these skills are learned. Rather than learn
by making mistakes and being injured, we must
ensure that employees learn through training.

Deming places great emphasis on the need for
proper training of all employees. Few companies
place such an emphasis on safety training. To
improve the quality of safety for each employee we
must institute systematic training for safety:

1) Redefine or clarify the safety professional’s role
to place emphasis on training at all levels.

2) Commit resources for safety training in existing
training organizations/department training groups.

3) Establish comprehensive safety training for
new employees.

4) Establish companywide safety training for man-
agers and supervisors.

5) Institute a system of continual reeducation and
retraining in safety.

3) Measure the Quality of the System
When we measure the number of injuries, we are

in effect measuring the number of defectives pro-
duced by the system. This has only limited informa-
tional value. When we use these numbers to
establish objectives, we are setting numerical quotas,
which Deming points out are of no value.

Injury rate objectives that have been set in the
past have been largely unfounded. Since most safety
systems have been in control for many years, safety
managers (although they might not know it) were
simply praying that next year’s random point
would be less than this year’s random point within
the control limits.

There has been an additional compounding prob-
lem in that companies have always judged those
whom they asked to report the numbers by the
numbers they reported. In doing this, conflict was
created for employees, line managers and safety
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•The upper control limit UCL is
drawn at u + 3 ��(u/n)

•The lower control limit LCL is
drawn at u - 3��(u/n)

It should be evident that the control
limits will change as the number of
workhours change. This is how a
U-chart compensates for changes in
the size of the workforce or the hours
worked. In tabular form, the calcula-
tions are shown at left.

The monthly injury rate can then be
plotted against the mean and the con-
trol limits. Twelve months have been
used as an example. However, in actu-
ality, this should be a continuous run-
ning chart and not one computed only
at the end of the year. The three most
common methods of interest for
determining whether something out
of the ordinary has actually hap-
pened (versus normal random varia-

tion) are as follows: 1) Points fall out-
side the control limits. 2) Length of
runs: 8 or more consecutive points fall
on the same side of the mean (u). 3)
Trends: A run of 7 consecutive points
or more decreasing (or increasing).
Each point must be lower (higher) than
the previous point.

There are several other methods for

determining “out of control” condi-
tions for which you should consult a
statistics book. If none of these condi-
tions are evident, then the system is
stable and all injury rate values should
be considered essentially equal—that
is, any difference is simply because of
random variation.
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analysis in their shop (as an example). A practical
means for establishing objectives and measuring
performance is essential for management to be real-
istically accountable for safety.

A Note on Investigation of All Injuries
The measurement of these two key indicators is

not intended to diminish the effort to investigate
every injury. Safety professionals have long under-
stood that the difference between a serious injury
and a minor injury is generally the degree of luck
involved. For this reason, all injuries should be thor-
oughly investigated.

Those who advocate that investigation of every
injury is equivalent to mass inspection are misinter-
preting the Deming philosophy. Injuries are not the
product; they are the defect in the system. So long as
we understand injuries are not discrete events, there
is much we can learn from injury investigations.
Investigation of injuries is not the means by which
we will achieve an accident-free workplace, but
rather a means for gathering information on what is
wrong with the system. With this knowledge, the
system can be improved.

4) Implementing the Improvement Process:
Organizing for the New Safety System

Continuous improvement in safety will not hap-
pen unless a deliberate change is made to the safety
system. Three changes have already been discussed:
adopting a safety philosophy, institutionalizing
training, and changing the way we identify and
measure safety performance. The fourth key change
is that to the infrastructure of the safety system—the
safety organization.

Deming integrates management responsibility
and employee involvement through extensive use
of steering committees and QPI teams. The practical
application of this to the safety system is an organi-
zation based on safety committees. When complete,
the company safety organization would be as
depicted in Figure 3.

Corporate Management Team
The steering committee for the company safety

organization should be comprised of the top oper-
ating manager and his/her staff. As such, there is no
need to establish a new committee. The direction
and strategies for safety in the company will simply
become part of the agenda for the corporate man-
agement team.

The first order of business for this group must be
to adopt the new safety philosophy. A safety philos-
ophy has been proposed here but should be refined
as necessary to ensure that each member of top
management adopts and is committed to it. Each
member—and each plant/facility manager in par-
ticular—should then carry the message throughout
the organization.

Plant/Facility Management Team
The central guiding body for safety at a plant is

There is, however, the opportunity to measure
the positive activities of management toward
improving the system. A measurement system
based on positive actions would also provide a liv-
ing blueprint for continuous improvement. To be
specific, such a measurement system would look at
management efforts in training, safe methods
development, audits, designing for safety, employ-
ee involvement and other areas that directly impact
on the safety system. 

Such a system will also provide much more
effective objectives and goals. Supervisors and man-
agers cannot practically work toward an objective
of achieving a 5.0 OSHA incidence rate when it is
not clear how to directly affect this number. They
can, however, aggressively pursue raising their
safety management score by instituting job safety

Serious injuries are not discrete events.
FIGURE 2

FIGURE 3
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often called the central safety and health committee.
To be effective, it is essential that this body be
chaired by the plant/facility manager and that each
member of his/her staff be a key participant. Once
again, there is no need to form a new committee; in
most companies the plant/facility management
team already meets on a regular basis. There may be
benefits to including other plant personnel in this
activity as a means of getting additional input or to
carry out administrative tasks. The key, however, is
ensuring that as part of the regular agenda for the
plant management team this group determines the
plant efforts for continuous improvement in safety.

Working Subcommittees
These committees may take several forms, such

as standing departmental safety committees or tem-
porary problem-oriented safety committees (much
like productivity improvement teams). The basic
function is to correct problems in the safety system.
Experience has shown that with employee involve-
ment and line management commitment even the
most complex problems can be solved.

Safety Consultants
The safety professionals have a very clear role in

this organization. They provide experience and
knowledge in safety. The safety professionals should
be advisors at all levels. More important, they will
share this knowledge and experience through devel-
opment and implementation of training programs.
The responsibility for plant efforts in safety, howev-
er, must rest completely with management and the
safety committees.

The significance and magnitude of this change
cannot be overstated. In the simplest terms: Safety
departments will no longer be the company’s safety
organization. They must now, in practice, be con-
sultants to the company safety organization.

Conclusion
There has been no attempt to justify the need for

continuous improvement in safety in this article. It is
assumed that managers are now well aware of the
significant cost of injuries. This article takes for grant-
ed that management understands accident preven-
tion is good business and, above all, is morally right.

The plan presented in this article is necessarily
brief and general in nature. Actual implementation
will require a much more detailed blueprint. There is
no easy road to excellence. Excellence in any endeav-
or requires effort and dedication. This is certainly
true in safety.

The four basic changes to current safety systems
described will each be difficult and trying. But they
are essential for any company. It may take several
years and genuine commitment to establish the new
safety system, but continuous improvement and
excellence in safety must be pursued. �
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