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Introduction
Safety metrics is a system of tools and techniques that allows safety managers to
measure safety performance with the same quantitative precision as other indicators
of an organization’s productivity. An effective safety metrics program begins with the
proper planning and a management structure. This program includes the identifica-
tion of the indicators of a successful safety program. The goal of this book is to present,
in an understandable and practical manner, the tools and techniques needed to put
this program into action.

When safety professionals first began using safety metrics, they routinely measured
safety performance in terms of accidents and losses. However, over the years, as the
safety profession has become more sophisticated, so also have the techniques used
to measure its execution. A successful program should include combinations of vari-
ous types of performance measures. As with any data collection, the safety profes-
sional must also keep in mind the validity and reliability of the performance mea-
sures. Only with accurate and consistent data can the proper conclusions be reached,
and the necessary control strategies implemented.

The main focus for a safety metrics program is the identification of gaps or deficiencies
in the data obtained versus the desired outcome as established in the program goals
or benchmarks. Identification of these deficiencies can be readily achieved through
the use of control charts and various statistical techniques. Depending upon the data
collected, the appropriate charts can be constructed and trends identified. Finally, a
growing trend in safety management is the focus on the elimination of unsafe acts and
behaviors. Rather than waiting for accidents and losses to occur, a proactive approach
of monitoring unsafe behaviors and than addressing them has become an integral part
of a safety performance program.

This book provides safety practitioners with information and tools that can be used to
develop and implement a safety metrics program. Techniques are presented to assist
the safety professional in implementing a safety metrics program, establishing perfor-
mance measures, analyzing data, and determining the need for corrective action.
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Safety Performance Programs

Safety professionals must be able to determine if their programs are making a posi-
tive impact upon the organization, confirm whether they are meeting their safety
goals, and communicate the status of the safety performance to the organization. In
order to verify the improvement of workplace safety, safety professionals rely upon
measures they believe to be indicative of performance. There can be wide differences
in how these measures work, how they tie into an organization’s safety activities, and
how they are used to institute change in the organization. Historically, safety practi-
tioners have often chosen ineffective, inadequate, and invalid measures (Petersen
1998). Some of these more traditional, and less exact, forms of safety performance
measures include the number of lost workdays, the number of injuries, and financial
losses. To avoid the shortcomings of these overly simplistic measures, safety metrics
must be based upon sound business practices and statistical procedures, and should
be used to implement a process of measuring safety programs.

The steps involved in a safety metrics program include program development,
benchmarking, auditing, measuring performance, evaluating outcomes, and man-
aging the program based upon the outcomes. A successful safety metrics program
requires accountability, a management structure, and a data collection system. The
basic method of the program is to systematically gather data and analyze it to deter-
mine whether the organization’s performance goals have been met. Analysis may in-
clude comparisons to established benchmarks, goals, or other collected data.

The final key component of any safety performance program is the follow-up. Follow-
up should be based on the trends and differences identified in the analysis. It can
include developing new policies and procedures, modifying existing policies and pro-
cedures, or changing the physical characteristics of the workplace or job task.

Definition of Safety Metrics

The term “safety metrics” refers to the body of knowledge used to quantify and mea-
sure safety performance. A safety metric is the measurement of key processes in order to
provide an objective basis for determining process performance (Daugherty 1999, 144).
On the corporate level, metrics identifies divisions or facilities that need to improve
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within the safety process. At the plant level, metrics identifies departments and work
areas that need to improve.

An underlying premise of safety metrics is continual performance improvement. The
recent Total Quality Management (TQM) movement and its emphasis on continual
improvement has increased the popularity and ease of implementing formalized
safety metrics programs, especially since performance measures are generally recog-
nized as an important element of all TQM programs (TRADE 1995, 1-3). By applying
the same underlying principles to safety metrics, and through focusing on specifics
and sustained employee involvement, safety professionals can use safety metrics as
a valuable tool for improving overall safety performance.

Safety Performance Measures

While safety metrics is used to quantify or describe the organization’s safety perfor-
mance, performance measurement consists of determining what to measure, identi-
fying data collection methods, and collecting the data. Safety performance measures
are indicators that focus on the differences between actual safety performance and
what has been defined as acceptable. Performance measures are tools employees and
management can use to continually guide and calculate their own improvement by
regularly measuring individual, team, and site-wide performance. The performance
measures identify problem areas, provide some measure of accountability for em-
ployees, and corroborate the fact that the organization’s goals are (or are not) being
met. A performance measure can be used to motivate managers and employees, to
monitor important activities, and to help evaluate whether those activities need revi-
sion to achieve organizational strategies. An important aspect of any safety metrics
program is the link between performance measures and the desired outcome. Per-
formance measures assess the progress toward achieving a desired outcome, usually
through explaining the causal relationships that exist between program activities and
the outcome.

The ability to accurately measure safety performance depends heavily upon the pro-
cess that is followed to quantify that performance. The quantification of performance
should be done through the following systematic approach:

1. Define the standardized units of measure.

2. Develop instruments and methods that are capable of measuring in terms of the
units of measure.

3. Use the instruments or methods to measure performance.

Safety Metrics Techniques

The safety professional has many tools and techniques available to establish a safety
metrics program, collect data, evaluate performance, and make decisions based on
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the findings. Many of the tools and techniques presented in this book are commonly
used in the quality management and productivity fields. Safety performance lends
itself readily to these management tools. However, it has only been over the past
decade or so that the safety profession has begun to use them with any regularity.

Data analysis tools and statistics are essential in the collection and evaluation of quan-
titative performance measures. While control charts have been used to graphically
display and evaluate loss and accident information for years, more sophisticated con-
trol chart techniques and Pareto diagrams have been used only to a limited extent in
the field. Yet by assessing safety data through descriptive and inferential statistics, a
degree of statistical significance, and thus a higher level of certainty, can be added to
the results. In addition, cause and effect analyses can be beneficial in identifying and
evaluating the effectiveness of control measures. Through the use of these techniques,
the safety professional can direct the organization’s safety resources toward those areas
that will have an impact on the organization’s overall safety performance.

Current Trends in Safety Metrics

For years, measuring safety performance has meant solely counting the number of
people hurt or the number of days away from work. This translates to after-the-fact
hazard detection, which (like outdated quality programs based on inspecting defects
at the end of a process) does not identify organizational errors—the true causes of
accidents. “Safety excellence requires daily proactive intervention by line managers
and supervisors. This proactive intervention is usually a missing link that can only be
corrected when the system holds managers, supervisors, and executives accountable”
(Petersen 2000, 19).

Today’s safety professional has moved beyond the standard measurement of safety
performance in terms of the number of accidents or injuries and recordable injury
and illness rates. More sophisticated techniques that involve safety performance
measurement systems, ongoing tracking of results, and continual improvement pro-
cesses have replaced the early measurements. While today’s safety metrics still in-
clude accident and illness performance, they also encompass behavior-based safety,
safety program implementation performance, and insurance costs and losses.

Safety performance is now measured with the same tools and techniques common
to quality measures of other aspects in the organization. Control charts, run charts,
and Pareto diagrams can be used to track and monitor safety performance, establish
trends, and evaluate program performance against accepted tolerances.
Benchmarking against other high performers has become a trend in industry not only
for production goals but also for safety.

In today’s global economy, safety performance and its measurement have also be-
come global. The International Organization for Standardization’s ISO standards have
become an integral part of many organizations’ safety management philosophy. ISO
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9000 and 14000 standards are global frameworks for many industries’ quality and envi-
ronmental performance standards. These standards have become the means by which
organizations have incorporated safety into production and management strategies.

In Europe, the European Community has adopted a number of performance stan-
dards that serve as voluntary quality and environmental standards for its members.
The European Foundation for Quality Management (EFQM) promotes and rewards
organizations that adhere to their excellence model for quality. Accompanying these
standards are safety and environmental performance measures that directly impact
the overall quality of the product. These standards have also laid the foundation for
documentation of performance standards and continual improvement process.

Summary

The safety professional has long been faced with trying to answer the question “How
are we performing with regard to safety?” Tools and techniques that are often used in
fields as diverse as business management, insurance, and psychology can also be
applied to industrial safety. This book provides a framework for developing a man-
agement program designed to apply these techniques and identify activities that can
be used to continually improve safety performance. Information contained in this
book will provide the safety professional with:

1. Organizational frameworks that can be used to establish a safety performance
improvement program

2. Benchmarking and safety goal-setting strategies

3. Different types of safety metrics that can be used to measure safety performance

4. Techniques for data collection, analysis, and presentation of performance measures.

Chapter Questions

1. Provide examples of three different measures that are commonly used to mea-
sure safety performance.

2. Historically, how well have the performance measures safety professionals selected
measured performance?

3. What is safety metrics?

4. What is a safety metrics program?

5. Describe the safety metrics process.

6. What is the underlying premise of a safety metrics program?

7. Define performance measures.
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8. An approach to quantifying performance measures should include what?

9. What purpose does data analysis and statistics serve with regards to measuring
safety performance?

10. Describe the current trends in use for measuring safety performance in the work-
place.
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Safety Performance Measurement

Safety performance measures provide data indicating the status of safety activities
(Training Resources and Data Exchange (TRADE) 1995, 1-36). Comparisons between
performance measures and benchmarks or organizational goals allow the safety man-
ager to make decisions and take appropriate action. The key difference between per-
formance measures and safety metrics is that performance measures evaluate the
safety process, and safety metrics are the standards of measurement (such as accident
rates). A series of safety metrics makes up a safety performance measure.

One of the main advantages of using performance measures is that they enable com-
panies to express the results of a safety process in quantitative, not qualitative, terms
that can then be analyzed to determine efficiency of safety and health processes
(Leandri 2001, 39). These measurements permit identification and prioritization. They
also identify the most rewarding efforts and allow prioritization of company-wide
issues.

A safety performance measurement system based upon continuous improvement
processes requires the safety manager to have a program framework in place. This
program framework, at a minimum, consists of defining acceptable levels of perfor-
mance, collecting data, comparing performance against the acceptable levels, and
finally, taking corrective action to improve performance levels. Development of this
safety performance measurement system requires input from a variety of sources—
both internal and external. Examples of internal input include management, engi-
neering, production, and human resources. External sources of input can include
other companies and professional organizations.

A framework assists in the development of a safety performance measurement pro-
gram by establishing well-defined performance measures, identifying all areas of safety
performance, and documenting procedures for implementing the program.

Performance Measure Framework

A suggested methodology for implementing performance measures can be estab-
lished following the development of three tiers consisting of: 1) Mission and Vision,
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2) Safety Objectives, and 3) Performance Measures (United States Department of
Energy, Hanford Site 2001).

A mission statement communicates the broad goals and the organization’s commit-
ment to safety, to employees, and to the public. A common theme found in safety
policy statements is that of ongoing safety performance assessment and improve-
ment. It is through the safety policy statement that an organization establishes the
safety climate.

An alternative framework for thinking about and creating performance measures is
to divide them into three categories: key objectives, outcome measures, and activity
measures (Leandri 2001, 39).

1) Key objectives are goals that say what a company expects from the safety pro-
gram. They are big company goals that are inspirational and motivational in na-
ture. Key objectives can be the organization’s overall safety mission.

2) Outcome measures reflect the company’s key safety objectives and are used to
determine whether the company has reached them. These measures, sometimes
referred to as “lagging” indicators, typically demonstrate the final results of the
safety process. They are often commonly recognized or standard measures, such
as those quoted in benchmarking studies. They are also the measures that tend to
be tracked by CEOs, presidents, and vice presidents. Examples of outcome mea-
sures for a safety metrics program include lost workday rates, recordable injury rates,
and number of miles driven without an accident. These indicators are referred to
as “lagging” because they measure safety performances that are the result of, or
occur after, an activity.

Activity ➞ Outcome ➞ Measure

3) Activity measures monitor the performance of activities that are needed to reach
key objectives. They reflect focused safety issues such as the number of hazard
surveys conducted, the number of employees trained in lockout/tagout proce-
dures, etc. These measures, sometimes called “leading” indicators, typically dem-
onstrate the state of work-in-progress in terms of cost, quality, and time. Often
they are found in official internal reports and are likely to be tracked by directors,
managers, and supervisors. Leading indicators are measures of the activity prior
to the outcome.

Activity ➞  Measure ➞  Outcome

The Performance Measurement Process

The basic concept of performance measurement involves (a) planning and meeting
established operating goals/standards, (b) detecting deviations from planned levels
of performance, and (c) restoring performance to the planned levels or achieving new
levels of performance.
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The first requirement of a safety performance measure is a team approach to devel-
oping and implementing the program because safety and its improvement is not the
responsibility of one department or one person but of everyone in the organization.
Input from a variety of departments and employees is essential in developing a com-
prehensive program that includes all aspects of the organization. Involving groups of
people also helps gain support for implementation of the program. A collaborative
approach makes it easier to assess safety performance using safety metrics from vari-
ous departments. For example, to measure safety performance with regard to back
injuries, an organization can use a safety metric of recordable injuries from the per-
sonnel department, records of near miss incidents from the production department,
and the number of visits to the plant emergency room from the medical department.
In this situation, three departments have three different methods of measuring back
injuries. This combined measurement provides a more accurate picture of the overall
back injury prevention performance in the workplace. (If, for example, management
looked only at the number of recordable injuries, and not at the number of near misses,
they might be led to believe the workplace is safer than it is.)

The performance measurement process that one can follow can be separated into 11
discrete steps (Training Resources and Data Exchange (TRADE) 1995, 1-9–1-10). This
framework describes the process generically and is intended to serve only as a guide-
line. The framework can be modified to meet the organization’s needs. Steps in the
process may be added, modified, or removed depending upon the organizational
needs. It may be necessary to make these changes in the planning stages or as deemed
necessary once the process is in place and feedback indicates that changes are nec-
essary. An illustration of these process steps is provided in the following sections:

Suppose a water bottling company has been experiencing an increased frequency of
back injuries and wishes to implement a safety performance measurement process.

1. Identify the process flow.
First, the process is analyzed and broken down into its various job tasks. Workers
are required to lift filled 5-gallon water bottles off of a conveyor, carry them, and
place the bottles on pallets.

2. Identify Critical Activities To Be Measured.
In this step, identify those aspects of the job tasks that can be measured in terms
of safety performance. Examples of critical activity related to potential back inju-
ries could be the lifting of the water bottles, moving filled pallets, etc. Examples of
measurable outcomes related to back injury prevention include the number of
bottles lifted using proper lifting techniques, the number of pallets moved using
appropriate material handling devices, attendance at back injury prevention train-
ing programs, etc.

3. Establish Performance Goals or Standards.
An example of a performance goal may be the reduction of recordable back inju-
ries by 80 percent in a three-month period. The performance goals and standards
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should include the measurable activity, the level to which acceptability is met,
and the time period by which the goal should be attained.

4. Establish Performance Measurements.
Individual performance measures should be defined that are indicative of the
established performance goals. For example, with a goal of reducing back inju-
ries, activities that can be measured include use of proper lifting techniques, pro-
viding and attending safety training related to back injury prevention, etc. The
key is to establish measures that are tied to the performance goals and standards.

5. Identify Responsible Parties.
Determine who will be responsible for implementing the safety performance pro-
gram and establish methods of accountability.

6. Collect Data.
Data needs should be identified, as well as the procedures for collection. The data
requirements are identified through the established performance measures. Ex-
amples of data can include accident reports, job observations, training records, etc.

7. Data Analysis.
The performance measure data requires analysis. The analysis techniques are tied
to the performance measures and the performance goals. The format of the perfor-
mance measures indicates the types of data analysis techniques that can or cannot
be used (see Chapter 3). The performance goals are also tied to the analysis tech-
niques. If the performance goal is the reduction of back injuries over a period of
time, the analysis technique used should be capable of identifying such a decrease,
if it does exist. (See Chapters 3 and 4 for a discussion of analysis techniques.)

8. Compare Actual Performance to Goals.
With the data collected and analyzed, a comparison is made between the perfor-
mance and the established goals. The safety manager ascertains differences be-
tween the obtained performance and the desired performance as defined by the
performance goals.

9. Corrective Action.
A decision is made at this point as to whether corrective action is necessary. If the
performance levels fall short of the desired performance goals, further analysis as
to the reasons for the results is necessary.

10. Make Changes to Meet the Goals.
One option available to the safety professional is to modify current practices to
bring the safety performance in line with the goals and standards. This may re-
quire the implementation of new programs, the modification or enforcement of
current programs, or the selection of more appropriate performance measures
that are indicative of the true levels of safety performance.
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11. New or Modified Goals:
Depending upon the results, the safety manager may have to reevaluate the safety
performance goals to ensure they meet the organization’s needs. Changes in pro-
duction and job tasks may necessitate a change in the performance goals. With
continual improvement as an underlying goal of safety performance, once a level
of safety performance is met, improvement in the desired performance standards
may be another reason for reevaluating the performance goals and standards.

Uses for Safety Performance Measurements

Safety performance measurements can have a variety of uses in the workplace. Some
of the more common uses include control, self-assessment, continuous improvement,
and management assessment (Training Resources and Data Exchange (TRADE) 1995,
1-7):

1. Safety Performance Control: Performance measure can be used to control losses,
accidents, and injuries. By monitoring the extent to which these events are im-
pacting an organization, corrective action can be identified and implemented to
control accidents.

2. Self-Assessment of Safety Performance: Through the use of performance mea-
surements and benchmarks, organizations can determine how good their safety
performance is.

3. Continuous Improvement: As has been discussed previously, organizations can
use safety performance measures to continually improve performance.

4. Management Assessment: Finally, safety performance measures can be used to
assess management performance. These measures can be used to determine if
the organization’s objectives are being met, if the management structure and sup-
port is sufficient to implement the programs necessary to meet the safety perfor-
mance goals, etc.

Outcome Measures

Quantitative safety performance measurements can be either outcome oriented or
process oriented (Daugherty 1999, 147). Outcome-oriented performance measures
are after-the-fact measures. The performance activity has occurred; then the results
have been measured. Examples of outcome measures used in safety include the reduc-
tion in the number of accidents, lost workdays, etc. Outcome measures can provide
an indication as to the impact safety program interventions have upon safety perfor-
mance. These performance measures provide an historical account of the effective-
ness of past performance.
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One broad class of outcome measures commonly used to measure safety performance
is called failure measures. These measures are generated from the injury recordkeeping
system. Included in this group can be performance measured by “dollar” criteria.
Losses and cost savings attributed to safety performance will often mean more to
management than other safety measures such as frequency and severity rates.

Process-oriented performance measures are those measures indicative of action or
activities performed. Process measures do not necessarily predict a program’s out-
come, though a carefully selected set of process variables can yield a valuable fore-
cast of program outcomes (Daugherty 1999, 147). These measures indicate the extent
to which an activity or process has been implemented. Safety process related mea-
sures include counting the number of safety training programs conducted, counting
the number of safety inspections conducted, etc. Outcome measures can provide an
indication as to the program’s efficiency. Efficiency of a safety program is how well,
how promptly, or how completely a program has been conducted in pursuit of the
desired outcomes (Daugherty 1999, 147).

Performance Measures

Performance measurements are grouped into two categories: qualitative and quanti-
tative. Qualitative safety measurements include checklists and narrative evaluations
from accident report forms. Quantitative performance measures include any perfor-
mance measures to which a number can be assigned. Measurement is crucial to
achieving excellence in safety from two broad standpoints (Petersen 1998):

1. A macro-view—how overall results are measured to determine whether safety
efforts are paying off. An example of a macro-view standpoint could include the
accident trends experienced by a company over the previous year.

2. A micro-view—do measures ensure individual performance or foster nonperfor-
mance? From a micro-view standpoint, performance measures should be indica-
tive of an individual’s performance—i.e., how well a person is performing.

When selecting micro-view and macro-view measures, the performance measure
should reflect an organizational process. Linking the safety measures to the organi-
zational process provides a method for determining if the performance measures help
the organization meet its goals and objectives.

In selecting measuring devices, a firm should use only activity measures at the lower
managerial or unit levels, primarily activity measures (with some results measures)
at the middle-upper management levels, and pure results measures for the executive
level (Peterson, p. 40). The safety performance measures should be geared toward the
employee’s responsibilities and objectives. Employees at the supervisory and middle
management level are focused on motivating employees to perform. Safety perfor-
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mance measures for employees at this level of the organization should aim toward
motivating and directing employees to work in a safe manner.

At the middle and upper management level, outcome measures are the focus (Peterson
1998, 40). Managers at this level serve the primary function of providing supervision
to ensure that the quality of work is being attained. Outcome-based safety perfor-
mance measures for employees at this level can include results from inspections, job
observations, and accident trends. Upper and middle managers use these perfor-
mance measures to guide supervisors’ activities so that the organization’s safety goals
are met. Since failure measures can be used a bit more at this level, traditional safety
indicators become more useful (Peterson 1998, 40).

Categories of Performance Measures

Three broad classes of these measures are trailing indicators, current indicators and
leading indicators. A good combination of trailing, current and leading indicators,
based on the company’s own needs, is always best (Dupont Corporation 2001).

Trailing Indicators

Trailing indicators are the traditional metrics that measure past safety efforts (Dupont
Corporation 2000). When using trailing indicators, data is collected after the fact (after
a number of accidents or illnesses, after two years of workers’ compensation, etc.).
Trailing indicators provide an organization with feedback in terms of how good perfor-
mance has been over a period of time. Examples of trailing indicators include acci-
dent records, loss reports, injury and illness statistics, injury costs, and workers’ com-
pensation costs.

Some of the pros for using trailing indicators include the availability of the data and the
ease with which the data can be compiled and presented. However, the safety profes-
sional must be able to draw some correlations between trailing initiators and actual
safety program components and results. To be effective, a cause and effect relationship
must be identified between the trailing indicators and the program procedures. The
safety program procedures must be related to that which is being measured by the
trailing indicators.

Current Indicators

Current indicators tell an organization how well the management systems are work-
ing now, as opposed to in the past (Dupont Corporation 2000). In addition, they pro-
vide a measure of potential losses over the short term. Examples of current indicators
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include measures of safe and unsafe acts, incident investigation reports and safety
audits. Current indicators can provide the safety manager with immediate feedback
on areas that require improvement.

Leading Indicators

Leading indicators are those measures that can be effective in predicting future safety
performance (Dupont Corporation 2000). Leading indicators can be considered “before-
the-fact” measures. These measures assess outcome actions taken before accidents
occur and are measures of proactive efforts designed to minimize losses and prevent
accidents. Leading indicators can help uncover weaknesses in the organization’s
operations or employee behaviors before they develop into full-fledged problems.

Examples of leading indicators include measures of the quality of an audit program,
including schedule adherence, the number of repeat injuries, and analysis of process
hazard reviews. As with trailing indicators, there must be some type of cause and
effect relationship established between leading indicators and safety performance.

Safety sampling is a technique for measuring the effectiveness of safety before an acci-
dent occurs and thus can be used with leading indicators. Safety sampling involves
taking periodic readings of how safely employees work and is based on the quality con-
trol principle of random sampling inspection, which is widely used to determine qual-
ity of production output without conducting complete inspections (Petersen 1998, 40).

Random sampling strategies can provide feedback as to the current condition of a
safety program. Random sampling of employees performing job tasks and random
sampling of the current status of workplace conditions are most often performed using
audit and survey techniques. When conducted at random intervals, assumptions
about the overall status of the safety program can be inferred from the audit results.
In addition to the random selection, the safety manager that utilizes sampling strate-
gies should also ensure that a sufficient sample size is obtained. As a general rule, the
larger the sample size, the more likely the results obtained reflect the status of the
entire population.

Implementing a Safety Performance System

Implementing a safety performance system starts with defining the job-performance
objectives for the position to be analyzed. This will require a thorough and accurate
analysis of the job. The most common task analysis method for analyzing jobs re-
quires a decomposition of job tasks into simpler subtasks, component tasks, or steps
(Kaufman, Thiagarajan, and Sivasailam 1997, 189). The safety field is familiar with
this process, as it is a common approach to conducting safety-related analyses such
as job safety analyses or procedure analyses. Selection of the job tasks to analyze
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should take into account past accident history, potential for catastrophic accidents,
and the degree to which workers are exposed to potential hazards. When properly
conducted, the observation of the job tasks should result in written, precise, and
measurable job-performance objectives.

In addition to job tasks, the organizational processes must be evaluated and docu-
mented.

Benefits of Safety Performance Measurements

Safety performance measures have certain distinct advantages (Petersen 1998, 39).

• These measures are flexible and allow for individual supervisory styles. The same
measure need not be used for all supervisors. They are excellent for use in objective-
setting approaches.

• Feedback is swift, since most of these techniques require supervisors to report their
level of performance to upper management. (They are also often self-monitoring.)

• They measure the presence, rather than the absence, of safety.

• They are usually simple and, thus, administratively feasible.

Additional benefits from performance measures include (Training Resources and Data
Exchange (TRADE) 1995, 1-7):

• Providing an understanding of the management process

• Providing a factual basis for decision making in the organization

• Identifying areas for improvement

• Determining if improvements have occurred

• Identifying unforeseen problem areas

Shortcomings of Measurements

While the benefits of establishing and using measurements are numerous, there are
also some shortcomings that can be experienced if the measurements are not prop-
erly defined and used. Examples of these shortcomings can include:

1. A cause and effect relationship between the measurement and the activity does
not exist.

2. There are delays between the activity and the measurement.

3. Reliability in the measurement process may be lacking.

4. Outside factors may be influencing results, thus affecting the validity of the mea-
surement.
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Safety Objectives and Goals

Performance measures can be broadly classified as safety goals and safety objectives.
Goals are more long range than objectives and they may or may not be quantitatively
measurable, while objectives cover a shorter term and are always measurable (Pierce
1995, 125). Most often, objectives are goals that have been broken into small, pro-
gressive pieces. Six guidelines for setting goals and objectives are (Pierce 1995, 127):

1. Set goals and objectives as part of the planning process.

2. Word the goals and objectives clearly.

3. Goals and objectives must be realistic.

4. Accomplishing goals and objectives must be under the responsible person’s influ-
ence or control.

5. Objectives must be assigned to someone.

6. Completion dates must be established for each objective and goal.

Establishing Safety Objectives

In order to develop an effective safety metrics program, the objectives of the organiza-
tion must be clearly established. Business objectives typically state and define underly-
ing organizational “values” and quality factors such as safety, rework, environmental
soundness, and customer satisfaction. The development of these business objectives
usually begins with the stated mission for the organization. This organization’s mission
statement will provide the overall guidance for not only the safety program but also any
other program developed to meet the organization’s overall goals and objectives.

While the business side of the objectives may be stated in terms of productivity, costs,
or profits, safety objectives can be stated in terms of losses, accidents, safe behaviors,
or increased costs.

Establishing Effective Goals

Establishing goals for the safety metrics program provides a vital blueprint for imple-
menting and directing the organization’s resources in order to achieve desired out-
comes. The most commonly found goals in any safety and health program include
lost-time injury rate, lost workdays, recordable injury rate, and total injury rates. Safety
goals can also be vague. Some examples that fall into this category include goals “to
achieve compliance” or “to provide a safe environment” (Pierce 1995, 122).

When establishing goals it is important to identify those measures that are indicative
of a good program. They must emphasize activities that are needed to meet the goals.
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A common downfall is to develop broad-ranging goals with no clear understanding
of the activities that impact the outcomes, which in turn determine whether or not
the goals are met. The best results for a metrics program can be achieved when the
goals set are appropriate.

Guidelines for developing effective goals and objectives have been presented in this
chapter. The following are some examples of poorly constructed and well-constructed
safety goals and objectives:

• Poorly constructed safety goal: “Improve the safety record of the organization.”

This is considered a poorly written safety goal since it does not establish a timeframe
for completion. It also does not provide a specific outcome that would be indicative
of meeting the goal.

• Well-constructed safety goal: “Over the next five years, the organization will
reduce OSHA recordable injuries by 10 percent.”

This is considered a well-constructed safety goal because it establishes a fixed long-
term focus for the safety program. The desired outcome for the goal is also measurable.

• Poorly constructed safety objective: “The organization will increase employee
safety training offerings.”

This is considered a poorly written safety objective since it does not establish a
timeframe for completion. It also does not provide a measure by which success or
failure of meeting the objective can be ascertained.

• Well-constructed safety objective: “During this fiscal year, the organization will
provide 12 monthly safety-training programs at which 90 percent of the em-
ployees shall attend.”

This is considered a well-constructed safety objective because it establishes a fixed short-
term focus for the safety program. The desired outcome for the goal is measurable.

Summary

Safety performance measurement is the process of establishing standards of perfor-
mance and then measuring current safety performance against these standards. Safety
performance begins with well-established goals and objectives and ends with cor-
rective action that brings performance in line with the goals. Safety managers use
performance measures to gauge progress towards these goals, answer key questions
about the status of safety program activities, and identify areas that can be improved.
A variety of performance measures—including leading, trailing, and current indica-
tors—are available to the safety manager. A good performance measure program uses
a combination of these different types.
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Chapter Questions

1. Define performance measures.

2. What importance do performance measures have for an organization with regard
to safety?

3. What type of process should one follow when developing performance measures?

4. Describe a methodology for implementing performance measures in the work-
place.

5. Define key objectives, outcome measures, and activity measures.

6. Differentiate between qualitative measures and quantitative measures.

7. Describe three benefits of performance measures.
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Proper safety metrics requires the proper analysis of the collected data. The pur-
pose of the data analysis is to make comparisons between the results and the goals
or benchmarks. Significant trends or differences between the obtained results and
the benchmarks should be identified. There are a number of statistical procedures
that can be used to determine if there are any trends in the data or if the results meet
what is anticipated.

Using statistical techniques, one can establish the criteria to determine if trends and
changes are occurring. Examples of criteria to apply to make this determination in-
clude continual improvement, “zero defects,” cost-benefit analysis, and comparison
against benchmark. There are also a number of statistical procedures available to the
safety professional to identify relationships between safety program activities and
measured outcomes. (One such technique is called a correlation procedure.) One must
keep in mind however, that significant relationships between activities and safety
performance measures do not necessarily indicate a cause and effect relationship. To
illustrate this point, suppose a safety manager conducts training on proper lifting
techniques to a group of employees. After a period of time, job observations indicate
that the employees are practicing proper lifting, and records indicate that frequency
of back injuries has decreased. A significant relationship is identified between the
number of proper lifting observations and the number of back injuries using a corre-
lation procedure.

Because a statistically significant relationship has been identified, the safety man-
ager must determine why there are now fewer back injuries. To be able to state that
the training activity caused the decrease in back injuries, a comparison must also be
made to a group of workers that did not attend the training and the frequency of their
back injuries. (This group is called the control group.) If statistical findings indicate
that the group that attended the training had significantly fewer back injuries than
those employees that did not attend, then a conclusion could be drawn that it was
the training that caused the decrease in injuries. This control group is necessary to
eliminate the possibility that another factor (such as back braces handed out to all
employees at the time of the training) is not the cause of the decrease in injuries.

3

Statistical Methods in Safety Metrics
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With an understanding as to why the results were obtained, follow-up action may be
necessary. If it is determined that the results are stable (in other words, that the num-
ber of back injuries per week are not increasing or decreasing) and that performance
changes are necessary (back injuries still occur too frequently), then it should be the
process that is changed. If, however, the correlation between training program atten-
dance and reported injuries is not significant, indicating no relationship between
injury prevention and training (in other words, the training had no effect on the num-
ber of injuries per week), then follow-up activities should be conducted. The activities
may include evaluating the training program to improve effectiveness or developing
lifting procedures that can be used to achieve the desired results. Examples of strate-
gies that can be used to evaluate activities include root cause analyses, re-engineering
the process, developing changes to be made, and creating an implementation plan.

Prior to implementing the corrective action, an analysis of the safety metric used to
determine success should also be conducted. Perhaps the frequency of back injuries
is not a good measurement. It may not accurately indicate of the success of the training
program. There could be many reasons for this. For example, suppose that following
the training program, the number of employees engaged in lifting tasks increased
dramatically, thus increasing the organization’s exposure to back injuries. In this case,
back injury “rates” (that is, the number of back injuries per person per week) may
have decreased significantly, yet the total number of back injuries per week may have
increased. Thus, the performance measure of frequency of back injuries is not a suit-
able measure of performance. The same analysis can then be applied to the frequency
of back injuries per person and find that it is a suitable measure.

With the proper data to be collected identified, an assessment should be made to
predict the anticipated improvement in the safety performance. Does one expect a
decrease in back injury rates of 10 percent over the next year? Is a 20 percent decrease
reasonable? Using past performance indicators (for example, successful training ses-
sions decreased injuries 10 percent in past years) and professional judgment, the
desired benefits can be used to define the performance goal. The last step is to imple-
ment the follow-up activity (change the process, alter the training, etc.) and conduct
an assessment to determine the actual impact of the process change in the perfor-
mance measure. In our example, a decision could be made to put all employees
through the training session two times per year. After one year, the frequency of back
injuries per person (or other appropriate performance measure) can be measured
and compared with the performance goal.

Data Formats

Data can be classified into four major categories based upon the characteristics of
the numbers. It is important for the safety manager to understand these categories
because some kinds of data are more useful than others are. From least useful to most
useful, the categories are: categorical, ordinal, interval, and ratio (Horvath 1974, 16).
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Ratio data is the most useful because it can be used with all statistical procedures.
Categorical data, on the other hand, is the least useful because it can only be used
with statistical procedures designed specifically for categorical variables.

It is crucial to identify the format of the data because the various statistical methods
that the data can be used with are dependent upon it. Researchers often use comput-
ers to analyze the data. Although a computer will provide an answer for a statistical
test, it may be meaningless if the data format has violated the assumptions of the
statistical procedure. For example, suppose a safety manager collects data on the gen-
der of the employees injured over the past year. To input the data into the computer,
she assigns a “1” to the females and a “2” to the males. If the safety manager attempts
to find the mean (on average, what is the sex of the person injured?), the number the
computer may return may be 1.5. This number is meaningless since it is does not
correspond to a category (male or female).

Categorical Data

Categorical or discrete data represents categories. Examples of data that can be con-
sidered categorical are items that a person taking a survey can check in a box. Ex-
amples of categorical data include the gender of a person, the department that a per-
son works in, and the classifications for occupational illnesses. Categorical data that
can be classified into two groups is referred to as dichotomous data, as is the case for
the gender of a person.

To establish categorical data, the researcher first must define the categories, ensur-
ing that there are distinct differences between the possible groups and that a response
cannot fall into more than one group. The values assigned to categorical data only
serve to differentiate between memberships in the groups. Magnitude does not exist
between category values. For example, it would not be correct to say that a category
numbered “2” is twice as large as a category numbered “1.” When collecting data for
analysis, the researcher has two options for developing categories. The researcher
may either define the categories and ask the respondent to select one or pose a ques-
tion, collect the answers, and develop the categories from the responses.

Ordinal Data

Ordinal data is rank order data. Ordinal means that the data is ordered in some fash-
ion. For example, rankings from best to worst, highest to lowest, or “poor, fair, good,”
etc., would be considered ordinal data. A safety manager could use this type of data to
evaluate safety practices. For example, a survey that asked employees, “How often do
you use protective gloves when handling chemicals?” and offered “almost always,
often, seldom, and almost never” as choices would be an example of ordinal data.

Common examples of ordinal data are Likert scales. When a person is asked to select
a number on a Likert scale (for example, evaluate the safety program from 1 to 5), it is
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possible to arrange the answers into some order from best to worst, highest to lowest,
etc. An example of a Likert Scale is in Figure 3.1.

Strongly Disagree Disagree Undecided Agree Strongly Agree

1 2 3 4 5

Figure 3.1. Sample Likert Scale

One important aspect of ordinal data is that one cannot make comparisons between
the values. For example, Respondent A assigned a ranking of a 4 to the scale item in
Figure 3.1. Respondent B assigned a ranking of 2 to the same item. This does not
indicate that Respondent A agrees twice as much as Respondent B. One can say how-
ever, that Respondent A is more agreeable to the item than Respondent B. In the other
example above, it would be accurate to say that employees that indicated they “often”
wear gloves, wear gloves more frequently than those that chose “seldom.” However, it
is not possible to give any values to these measurements. One cannot claim, for in-
stance, that they wear gloves 60 percent of the time.

Interval Data

Interval data is a form of continuous data. Continuous means that all points along
the line of data are possible (including fractional values). Interval data also has zero
as a placeholder on the scale. An example of a scale that is interval is the Fahrenheit
thermometer. Examples of interval data that a safety professional may use include
temperature readings, job analysis scales, and environmental monitoring readings.

An interval scale is divided into equal measurements. In other words, the difference
between 20 and 10 degrees Fahrenheit is the same as between 30 and 20 degrees Fahr-
enheit. However, it is not accurate to say that 20 degrees is twice as hot as 10 degrees
Fahrenheit. When ratio comparisons like this cannot be made, the scale is said to not
have “magnitude.” Magnitude is an ability to make comparisons between the values
of a scale.

Ratio Data

Ratio data is continuous data that does not have zero as an arbitrary placeholder. The
zero on this scale represents an actual absence of that characteristic. For example,
zero accidents recorded for a period of time means no accident cases existed. Ratio
data is the only scale in which magnitude between values on the scale exists. If one
group had 10 accidents and the other five, then it is correct to say that the first group
had twice as many accidents as the second. Examples of ratio data that the safety
professional would use include any characteristics that are counted, such as the num-
ber of accidents, the number of days away from work, etc.
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Recoding

Recoding data is the process of sorting and assigning cases to newly defined vari-
ables. When analyzing data, the safety manager may need to recode data into differ-
ent formats to increase the variety of statistical procedures that can be used and, as a
result, increase the potential for identifying significant findings with the data. For
example, a safety manager collects data pertaining to the age of the workers involved
in an accident. The data is collected by asking the workers to write their age at the
time of survey on a line. This data as we discussed earlier is considered ratio in for-
mat. The safety manager decides to break the respondents into groups according to
age. A new variable is created called “age group” and the categories defined. Using
the age value provided in the ratio format survey question, each respondent is now
assigned a category value in the new age category variable. The new categorical vari-
able can be used in the data analysis.

Strength of the Data Formats

As the format of your data moves from categorical to ordinal, to interval, and finally
to ratio, the number of statistical tests you can use on the data increases. Categorical
data provides the least flexibility in terms of statistical testing. It cannot be recoded.
Ordinal data can be recoded into a categorical format but cannot be recoded into
interval or ratio formats. Interval data can be recoded into ordinal and categorical
formats. Ratio can be recoded into any of the data formats. As you can see, ratio data
provides the greatest flexibility for statistical analysis. It can be used with any number
of statistical procedures because the researcher can recode the data into any of the
other data formats. For example, suppose the number of lost days for each accident
is collected. This data is in ratio format. It can then be recoded into interval format by
placing the number of days lost in order from least to greatest; this is an ordinal for-
mat. The number of lost days could also be assigned to categories such as 0–5 lost
days, 6–10 lost days and so on, which would represent categorical data. The data can
be represented by these three different formats, and as a result, statistical procedures
for ratio, ordinal, and categorical data can be used. As a general rule, the more flexible
the data format, the more options the researcher has available for analysis.

Descriptive Statistics

Descriptive statistics are techniques used to describe a population or sample. One
cannot draw conclusions using descriptive statistics. For example, suppose a safety
manager collects information from accident report forms about the age of workers
that suffered a back injury. The average age for the sample was found to be 45 years
old. The only conclusion the safety manager can make is that the average age of those
persons from which the sample was selected is 45 years old. He or she cannot con-
clude that the average age for all people ever suffering from a back injury is 45 years
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of age, nor that the average age of those injured at another facility is 45 years old. He
or she can only describe those injured in his or her sample at that time and location.

Commonly used descriptive statistics include measures that describe where the middle
of the data is. These measures are sometimes called “measures of central tendency”
and include the mean, median, and mode. Another category of measures describes how
spread out the data is. These measures are sometimes called “measures of variability”
and include the range, variance, and standard deviation. Additional descriptive mea-
sures can include percentages, percentiles, and frequencies. In safety performance
measurement, the safety professional must determine the format of the data (i.e.,
ratio, interval, ordinal, or categorical) that will be collected and match the data for-
mat to the appropriate statistic. As will be discussed in the following sections, certain
descriptive statistics are appropriate for certain data formats.

Measures of Central Tendency

The first group of descriptive statistics are the measures of central tendency. These
statistics describe where the middle of the data falls. There are three measures of cen-
tral tendency. They are the mean, median, and mode (Hays 1998, 155–56).

Mean

The mean is the arithmetic average of a group of numbers. The arithmetic average is
found by adding up the items and dividing this sum by the number of items in the
group. For example, a safety manager identified the number of lost workdays for five
injury cases. The lost workdays were 5, 8, 15, 2, and 7. The average is calculated using
the following formula:

mean = sum of the lost workdays / number of injury cases

Or in statistical notation:

X =
x

N
Â

Where:
X is the mean
S x is the sum of the individual observations
N is the total number of observations

Mathematically, the following is performed:

X = + + + + =5 8 15 2 7
5

7 4.
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Median

The median is the point that 50 percent of the values lie above and 50 percent lie
below. Using the numbers of lost workdays from the example above, the median would
be determined by first arranging the observations in order from lowest to highest.
Thus, the observations would be arranged as 2, 5, 7, 8, and 15. Because there is an odd
number of observations in this example, the median would be the number in the
middle of the distribution. The median would be 7 in this example.

In situations where there is an even number of observations, the median is calcu-
lated by averaging the values of the middle two observations. For example, suppose a
safety manager collected data from carbon monoxide sensors in the workplace. The
carbon monoxide readings were 10 ppm, 15, ppm, 8, ppm, and 15 ppm. To calculate
the median for an even number of observations, the data is arranged in order from
lowest to highest and the average of the two middle readings is calculated. For this
example, the data is arranged as 8 ppm, 10 ppm, 15 ppm, and 15 ppm. The center two
readings are 10 ppm and 15 ppm. Taking the average of these two observations
[(10 + 15)/ 2], the median for this distribution is found to be 12.5 ppm.

Mode

The mode of a distribution is the most frequently occurring number in that distribu-
tion. Using the carbon monoxide data in case above, the value 15 ppm occurs twice
while all other values appear only once in the distribution. In this example, the mode
of the distribution is 15 ppm.

It is possible for a distribution to have more than one mode. In the distribution of
numbers 2, 3, 4, 5, 5, 6, 7, 8, 8, 10, there are two modes, 5 and 8, since these values
occur more frequently than the others do. This would be considered a bimodal distri-
bution (2 modes).

Measures of Variability

There are three measures of variability. These measures indicate the spread of the
data and are the range, variance, and standard deviation (Hays 1998, 171–76). Mea-
sures of variability provide the safety manager with an indication of how much the
obtained results are spread out. For example, suppose a safety manager collects in-
formation on the number of lost days for three employees. The days lost are 1, 1, and
2 (that is, they range from 1 to 2 days). The measures of variability would be small
compared to three employees who lost 1, 10, and 50 days (a range spread from 1 to 50
days). For various statistical procedures, the degree of variation in the data can im-
pact the decision as to whether the results are significant or not.
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Range

The range for a set of data is the difference between the lowest value and the highest
value in the distribution. For example, suppose a safety manager collected data on
the number of accidents reported by the various departments in a company for a
given month. The number of accidents reported were as follows:

3, 2, 4, 5, 6, 8

Rearranging the distribution from lowest to highest, (2, 3, 4, 5, 6, 8), the range is cal-
culated by subtracting the lowest value, 2, from the highest value, 8. The range is there-
fore 8 - 2 = 6.

Variance

The variance of a distribution is a measure of how much the individual data points
vary from the distribution mean, i.e., how “spread out” the data is. The variance is the
average of the squared deviations from the mean and is calculated using the formula
presented below. Using the data for the number of hazards identified in various loca-
tions above, the variance provides an indication as to how much the number of acci-
dents reported differs from the average. (When the variance is calculated for a sample,
as is the case in this example, the sum of the squared deviation scores is divided by
N - 1, where N is the number of observations. When the variance is calculated for an
entire population, the sum of the squared deviation scores is divided by N.)

Variance Formula

s 2
2

1
= -

-
Â( )x x

N

Where:
s2 is the variance

( )x x-Â 2
is the sum of the deviation scores, squared

N is the total number of observations

To calculate the variance using the data set above, the first step is to determine the
average. Using the formula presented previously, we calculate the sample average
using the following formula:

X =
x

N
Â

The average is calculated by adding the values for the individual observations and
dividing by the number of observations.
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X = + + + + + = =3 2 4 5 6 8
6

28
6

4 7.

Using the mean of 4.7, the difference between each data point and the average is
calculated (Column 3). Table 3.1 depicts this process.

Table 3.1. Variance Example

The top summation term, ( )x x-Â 2
 in the variance formula requires the statistician

to sum the squared difference values for all cases. In this example, that total is 23.34
(see Table 3.1). The final step is to divide this sum by N - 1, where N represents the
total number of cases. In this example, there are six cases so N = 6. The variance for
this distribution is 4.67. The obtained value summarizes how different the case val-
ues are from each other. The value 4.67 provides meaning when comparisons are
made to other variances.

Variance Calculation

s 2 23 34
6 1

4 67=
-

=.
.

Standard Deviation

The average difference between the mean and a value is called the standard devia-
tion. For example, in the case above, the difference between each measurement (the

Column 1 Column 2 Column 3 Column 4

Number of hazards
identified

Mean Difference between the
number of hazards and
the mean
(Column 1 - Column 2)

Square of the
differences
(Column 3 2)

3 4.7 -1.7 2.89

2 4.7 -2.7 7.29

4 4.7 - .7 .49

5 4.7 .3 .09

6 4.7 1.3 1.69

8 4.7 3.3 10.89

Total 23.34
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number of accidents reported) and the mean (4.7) is the standard deviation. The stan-
dard deviation is calculated by taking the square root of the variance.

s s= 2

Where:
s is the standard deviation for the sample
s 2 is the variance for the sample

Using the accident data from above, the standard deviation would be calculated as
follows:

s = =4 67 2 16. .

Therefore, on average, the number of reported accidents at any of the six sites will be
2.16 away from 4.7. Or, the number of accidents reported at each site, on average, will
be 4.7 give or take 2.16. This is sometimes written as 4.7 ± 2.16.

The standard deviation can also be used to determine the expected ranges for scores
in a given distribution. By definition, we expect to find approximately 68 percent of
the population between +1 and -1 standard deviations, approximately 95 percent of
the population between +2 and -2 standard deviations, and 99 percent of the popu-
lation between +3 and -3 standard deviations. A population is the total number of
possible sources from which data could be obtained. For example, all of the employ-
ees in a company could be defined as the population while those from which data is
actually collected is called a sample. A sample is a subset of the total population.

The Normal Distribution 

The normal distribution is expected when completely random, continuous data is
collected from a population. The normal distribution is commonly referred to as the
“bell-shaped” curve because of its shape, which resembles the outline of a bell. It is
important for safety managers to become familiar with the normal distribution be-
cause the data they collect will most often be compared with this distribution. This
comparison then may lead to conclusions about the population.

The normal distribution has three main properties (Kuzma 1992, 81). First, it has the
appearance of a bell-shaped curve that extends infinitely in both directions. Second,
it is symmetrical about the mean. Finally, the number of cases expected to be found
between points follows a few specific percentages. For example, the entire curve rep-
resents 100% of the population. One would expect to find approximately 34% of the
subjects in a population to obtain a score between the mean and one standard devia-
tion. One would expect to find approximately 47% of the subjects in a population to
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obtain scores between the mean and two standard deviations. Between the mean
and 3 standard deviations, one would expect to find 49.9% of the subjects. The nor-
mal distribution, or bell shaped curve, is presented in Figure 3.2.

Figure 3.2. Bell Shaped Curve

Probability

Probability is the likelihood that an event will occur (Witte and Witte 1997, 190). Prob-
ability is a useful concept for safety managers because it helps them distinguish be-
tween results that are caused by their safety efforts and results that are due to ran-
dom fluctuations in the data. For example, for the last two months, accidents in a
chemical plant have averaged 3 incidents per month, down from a yearly average of 4
per month. Is this due to the new safety initiative? Or does the data merely indicate
the normal ups and downs of any measurement over time? A safety manager can
determine this through examining the probability that the change in the data is due
to random chance. If the likelihood of obtaining this result totally due to chance is
remote, the statistician may conclude that the results are “statistically significant”—
in other words, that the data reflects a real change in the safety of the plant.

It is important for the safety manager to note that probability and possibility are two
different concepts. Possibility determines whether or not an event can occur; prob-
ability is the likelihood or chance that it will. One can determine probabilities for
events or occurrences and one can determine probabilities for analysis outcomes. To
determine probabilities of events, the safety manager determines the likelihood that
it will occur.
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Probabilities are determined for events. An event can be an occurrence of any type—
for example, an accident, incident, near miss, etc. The letter “P” is used to signify
probability and the letters A, B, C, etc., are used to identify different events. Using this
system, P(A) represents the probability of event “A.” The term P(B) represents the prob-
ability of event “B” (which is a different event than “A”). Probability values are derived
as decimal values, then converted to a percentage and read as such. An obtained prob-
ability value of .05 is equivalent to a 5% probability. For example, let the event “A”
stand for a chemical spill; then the probability of a chemical spill this month is writ-
ten as P(A). If the safety manager has calculated that P(A) = .12, this means that there
is a 12% probability of a chemical spill this month.

Probability Rules

There are rules that apply to probabilities that allow safety managers to manipulate
and interpret the results (Hays 1988, 22–25). For example, suppose a safety manager
wanted to find the probability that there is not a chemical spill this month. Some-
thing “not happening” is not an event; however, the safety manager can use the fol-
lowing rules and concepts to determine this probability anyway.

1) The probability of an event must be between 0 and 1.00. A probability of zero
means an event will not happen. A probability of 1 means an event is certain to
happen. (This rule is called the rule of probability range.)

2) For every event A, there is also a complementary event A , read as “not A.”

3) The sum of the probabilities of events A and A is always 1.00. This is called the
rule of complementary probability.

In the example above, if A is a spill, then its complementary event, A , is “there is no
spill.” According to the rule of complementary probability, P(A) + P( A ) = 1. (This is
simply another way of saying that there will either be a spill or there will not.) There-
fore, if the safety manager wanted to find the probability of there not being a spill, he
or she could calculate P(A) = 1- P( A). From above, P(A) = .12, therefore P( A ) = 1 - .12  = .88,
or an 88% probability that there will not be a spill this month.

Simple Probabilities

In a simple event probability, the researcher compares the number of times an event
occurred compared to the total number of possible outcomes.

Simple Event Formula

The formula for calculating simple event probabilities is as follows (Hays 1988, 27):
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P A
of wanted events

total number of possible events
( )

#=

Simple Event Example

Suppose a safety manager collected data from accident reports involving back injuries.
Over a three-year period, 300 reports were filed, of which 18 involved back injuries.
Using the simple event formula, the probability of randomly selecting a report for
which a back injury was recorded from the 300 reports filed is determined by:

P(A) = 18/300 = .06 or a 6% chance of selecting a report involving a back injury
from the 300 filed.

Joint Event Probabilities

A joint event is an event in which the researcher asks the question “What is the prob-
ability of event A and event B occurring at the same time?” An example of this may be
determining the probability of an accident involving a particular model of forklift
and the operator has less than 5 years of experience. To determine this, the safety
manager must multiply the probability of the independent events together. In this
context, two events are said to be “independent” if the occurrence of one event has
no impact on the occurrence of the other. In this example, the independent event
probabilities would be the probability of an accident involving a particular model of
forklift and the probability of having an operator that has less than 5 years of experi-
ence. The formula for determining joint probabilities, given two independent events,
is as follows (Hays 1988, 37):

P A and B P A P B( ) ( ) ( )= ¥

Where:
P(A and B) is the probability of Event A and Event B
P(A) is the probability of Event A
P(B) is the probability of Event B

Joint Event Example

In this example, a safety manger wishes to determine the probability of an employee
being involved in a vehicle accident and the driver has fewer than five years of experi-
ence with the company. An analysis indicates that the probability of any one employee
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having fewer than five years of experience is .03 or a 3% chance. The probability of
any one employee being involved in a motor vehicle accident in a given year is .01 or
a 1% chance. To calculate the probability of an employee with fewer than five years of
experience and being involved in an accident, the probabilities of the two indepen-
dent events are multiplied together:

P A and B P A P B( ) ( ) ( ) (. . ) .= ¥ = ¥ =03 01 0003 or .03% chance of being involved in
an accident and having fewer than five years of experience.

Compound Probabilities

There may be situations in which the safety manager must determine the probability
of the occurrence of more than one possible event. For example, instead of determin-
ing the probability of all events occurring at the same time, one may wish to deter-
mine the probability of one or more event at a time. These probabilities are referred
to as compound probabilities. One example of a compound probability would be
determining the probability that either component A or component B fails at any
time. To take another example, suppose the safety manager wishes to determine the
probability of the forklift being involved in an accident or an accident involving an
operator with less than 5 years of experience. The overall probability of a compound
event is determined by summing the individual event probabilities together, keeping
in mind that the sum of all events must not exceed 1.00. The term “or” represents
addition in compound probabilities.

The safety manager must also determine when two events are mutually exclusive—
meaning that only one event can occur at one time. In other words, one event pre-
vents the second event from happening. This becomes critical in compound event
calculations.

Suppose a safety manager wishes to determine the probability of an accident involv-
ing a Smith Semi Truck or a driver that has less than five years of experience. Past
accident records indicate that Smith Semi Trucks were involved in 20% of all motor
vehicle accidents while drivers with less than 5 years of experience were involved in
5% of all motor vehicle accidents. Using the formula for a compound event, the stat-
istician would add the probability of an accident involving a Smith Semi (20%) to the
probability of a driver with less than 5 years of experience (5%). Adding the two prob-
abilities together yields 25%. However, because these events are not mutually exclu-
sive, a problem arises: the safety manager has counted the accidents that involve Smith
Semis and drivers with less than 5 years of experience twice. If the events are not
mutually exclusive, meaning both events can occur at the same time, then the statis-
tician must subtract out the probability of both events occurring at the same time.
The compound event formula provides for this correction. The correct probability
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for an accident involving a Smith Semi truck or a driver with less than 5 years of expe-
rience would be as follows:

P (Smith Semi) + P (Driver with < 5 years of experience)
- P (Smith Semi & Driver < 5 yrs of experience)

(.20) + (.05) - (.20 x .05) = .24 or 24%

The formula for a compound event is as follows (Horvath 1974):

P A or B P A P B P A B( ) ( ) ( ) ( )= + - ¥

Where:
P(A or B) is the probability of Event A or Event B
P(A) is the probability of Event A
P(B) is the probability of Event B

Compound Event Example

Suppose a safety manager in a chemical manufacturing plant obtained records for
the plant. In the past year, there were 250 fires. The primary cause of the fires was
determined to be an accidental spill of a flammable chemical in 108 cases, spontane-
ous ignition of a stored flammable chemical in 95 cases, arson in 12 cases, and of
unknown origin in 35 cases. The safety manager would like to know what is the prob-
ability of having a fire with a primary cause due to an accidental spill of a flammable
chemical or arson. Because the manager is determining a probability of “one or the
other,” she will be determining a compound event. The manager must then deter-
mine whether the events are mutually exclusive or not. To do this she must answer
the question “can one claim to have a primary cause of an accidental spill of a flam-
mable chemical and a primary cause of arson?” The manager determined that this is
not possible; therefore the events are mutually exclusive and the probability of both
events occurring at the same time is zero.

P spill or arson P spill P arson P spill and arson( ) ( ) ( ) ( )= + -

P(spill or arson) = (108/250) + (12/250) - (0) = .48 or 48% chance of having a fire
due to an accidental spill of a flammable chemical or arson as the
primary cause. The consultant can then compare these fire probabili-
ties to what is expected from past records to determine if there are
significant differences. Such significant differences could indicate
potential areas of concern.
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Conditional Probabilities

In a conditional probability, some condition or restriction is placed upon the sample.
(Witte and Witte 1997, 193–94). This results in a smaller, more specific subset of the
sample from which the safety manager can calculate more accurate probabilities.
Using the vehicle accident presented earlier, a conditional probability could be for-
mulated as follows: given the fact that an accident occurred involving a Smith Semi,
what is the probability that the driver had less than 5 years of experience? The popu-
lation in this example is narrowed from all vehicle accidents down to only those acci-
dents involving Smith Semis. Within this specific subset, the probability of a driver
having less than 5 years of experience is determined.

In conditional probabilities, the symbol “|” is shorthand for the phrase “given the fact.”
A conditional probability of P(A|B) is read as “the probability of A, given the fact that
B has occurred.” The formula for calculating a conditional probability is (Witte and
Witte 1997, 193–94):

P A B
P A and B

P B
( | )

( )
( )

=

Where:
P (A|B) is the probability of Event A given the fact that Event B has occurred
P (A and B) is the probability of A x B
P (B) is the probability of Event B

In the motor vehicle accident example, the probability of having a driver with less
than 5 years of experience given the fact that a Smith Semi was involved in the acci-
dent is:

P A B or chance( | )
. .

.
. %= ¥ =20 05

20
05 5

Conditional Probability Example

The probability of being involved in an accident from a chemical spill at a chemical
manufacturing plant was determined to be 30 out of 100 accidents reported or 30%.
The probability of the accident resulting in lost workdays was determined to be 10
out of every 100 accidents reported or 10%. The safety manager wishes to determine
the probability of an accident resulting in lost workdays given the fact the accident
was due to a chemical spill. First, he or she calculates the probability of a chemical
spill accident resulting in lost workdays:

let P(A) = probability that the accident is a chemical spill

and let P(B) = probability that the accident results in lost workdays
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Then,

P (A & B) = (30/100) ¥ (10/100) = .03

The conditional probability of a lost workday case given the fact that a chemical spill
accident was reported would then be calculated by:

P (A|B) = P (A & B)/P(B) =  .03/ .10 = .30 or a 30% chance of the accident resulting
in lost workdays given the fact it was a chemical spill accident.

Binomial Probabilities

In situations where there are only two possible outcomes for an event—such as a
“male/female” or “yes/no” situation—the distribution is said to be binomial. Observ-
ing a safety valve a number of times and determining the probability that it will be
open or closed a specific number of times meets the binomial probability since there
are only two possible outcomes, open or closed. The formula presented below can be
used to determine the binomial probability (Hays 1988):

P
n

r n r
p pr n r=

-
- -!

!( )!
( )( )( )1

Where:
P is the probability of the binomial event
n is the total number of observations
r is the number of desired outcome events
p is the probability of the desired event occurring one time
! is the factorial of the value

The factorial of a number is written as an exclamation point after the number and
means to multiply by all preceding whole numbers. For example,

5! = 5 ¥ 4 ¥ 3 ¥ 2 ¥ 1 = 120.

Operations in parenthesis are always performed first. For example,

(5-1)! = 4! = 4 ¥ 3 ¥ 2 ¥ 1 = 24.

Binomial Probability Example

A safety inspector observes a safety valve 5 times and finds that it is open 4 of the 5
times. Past observations have indicated that there is a 50% chance at any given time
that the valve will be open. What is the probability the inspector’s observation? That
is, what is the probability of observing this valve 5 times and finding it open 4 times?
In the binomial probability formula, n is equal to the number of observations—in
this case, the number of times the valve is observed; so n = 5. The number of desired
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events (the valve is found in the open position) is r, so r = 4. And the probability of one
event (in this case the probability of the valve being open), is p = .5. So entering these
values into the binomial probability formula gives:

P
n

r n r
p pr n r=

-
- -!

!( )!
( )( )( )1

P or=
-

- =-5
4 5 4

5 1 5 16 164 5 4!
! ( )!

(. )( . ) . %( ) chance of the valve being open 4 times
when making 5 observations

P is the probability of the binomial event
N = 5 (total number of observations)
r = 4 (number of times the valve is open)
p = .5 (the probability of the valve being open at any one observation)

Poisson Probability

Poisson probability is one of the most useful probabilities available to the safety pro-
fessional. A Poisson probability is used to determine the probability of an event when
the frequency of its occurrence is quite low compared to the overall exposure, as is
the case with accidents. For example, a company may experience 2 recordable inju-
ries in the workplace based on 300,000 hours of exposure. Few occurrences (2 acci-
dents) and large exposures (300,000 hours) indicate a Poisson distribution of data.

The Poisson probability formula uses an expected number of mishaps based upon
previous experience (Hays 1988, 144–45).

P X
e M

X

M X

( )
!

=
- M = (N)(p)

e = base of a natural logarithm or 2.178
N = exposure period
p = probability of one mishap
X = number of mishaps in question
M = Expected number of mishaps during an exposure period
! is the factorial of the value (for example 3! = 3 ¥ 2 ¥ 1, 4! = 4 ¥ 3 ¥ 2 ¥ 1, etc.)

Poisson Probability Example

Suppose accident data revealed that 4 defective components were found in 30,000
units shipped to the marketplace. A product liability prevention program was estab-
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lished to reduce the number of defective units sent to the marketplace. After the pro-
gram was implemented, 50,000 more units were shipped to marketplace from which
3 were identified as having defective components. What was the probability of hav-
ing 3 defective units in the 50,000 shipped based upon prior history?

The first step is to find the expected number of failures, M. This is determined by
multiplying the number of exposure units (N) by the probability of one failure (p).
There were 50,000 units shipped, which represents the exposure. The probability of a
defective unit is 4/30,000 = 1.33 ¥ 10-4 based upon the previous units shipped. With
the 50,000 units, one would expect 50,000 ¥ 1.33 ¥ 10-4 = 6.7 defective units.

The next step is to plug the values into the formula. In the Poisson probability equa-
tion, the term “e” is the base of a natural logarithm, which is approximately equal to
2.718, and the variable “X” represents the specific number of defective units being
investigated. In this example, X = 3. Therefore, we have:

P X
e M

X

M X

( )
!

=
- M = (N)(p)

Where:
P (X) is the Poisson probability of having 3 defective units out of 50,000 units

shipped
e is the base of a natural logarithm or 2.718
M = (N ¥ p) or (50,000 ¥ 1.33 ¥ 10-4) = 6.7
X is the number of unwanted events. In this example 3 failures

P failures in units or( , )
. .

!
. %

.

3 50 000
2 718 6 7

3
06 6

6 7 3

= =
-

chance of 3 defective
units in 50,000 units shipped

If one uses the cutoff point of .05 or 5% random chance, then the result of a 6% chance
of finding 3 defective units in 50,000 is not significant; therefore, the safety manager
can conclude the product liability program has not significantly reduced the number
of defective units being shipped.

Practical Applications for Descriptive Statistics
and Probabilities

There are a many situations in which a safety professional may need to use various
descriptive statistics for data collected in the workplace. The following examples illus-
trate the use of descriptive statistics such as the mean, standard deviation, normal
distribution, and probability.
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Fire Protection and Insurance Application of Descriptive Statistics

A very common use for descriptive statistics is when a safety manager is asked to
present data at company or regional meetings on losses incurred. Suppose a safety
manager was asked to present the fire losses experienced by the plant over the previ-
ous three years. The following data was collected for insurance claims involving fires:

1999 2000 2001
Department Severity Department Severity Department Severity

Production $1,900 Production $3,800 Production $6,300
Production $2,200 Production $6,300 Production $5,600
Production $4,500 Shipping $9,000 Shipping $4,600
Shipping $3,500 Shipping $2,000 Packaging $500
Packaging $400 Packaging $700

Descriptive statistics for the data above can be used to describe the losses by year as
follows:

Year (s) N Range Mean Standard deviation

1999 5 4100 2500 1570.0
2000 5 8300 4360 3338.1
2001 4 5800 4250 2595.5

Total (1999–2001) 14 8,600 3664 2560.2

Descriptive statistics for the data above can be used to describe the losses by depart-
ment as follows:

Department N Range Mean Standard deviation

Production 7 4400 4371 1831.0
Shipping 4 7000 4775 3011.5
Packaging 3 300 533 152.8

Total 14 8,600 3664 2560.2

Results in these tables provide the safety manager with a method for describing the
losses. For example, when examined by year, 2000 had the highest average losses with
$4,360. By department, the shipping department had the highest average losses with
$4,775. The production department may have a frequency problem with their acci-
dent involvement, which is indicated by the fact that 50% of the reported accidents
were from this department.

Ergonomics Application of Means, Standard Deviations, and the
Normal Distribution

A safety manager was asked to determine if an emergency shut-off switch was located
at a height that workers could be expected to reach in the event of an emergency. The
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switch had been placed at 79 inches from the floor. Anthropometric tables provided
the safety manager with average standing overhead reach for the population of 85.5
inches and a standard deviation of 3.3 inches. Using the normal distribution curve, the
safety manager can determine the overhead reach at each standard deviation and com-
pare it to the corresponding percentage of the population. At 2 standard deviations
below the mean, he or she can conclude that the overhead reach height is approxi-
mately 79 inches [(85.5) + (-2 ¥ 3.3)]. Therefore, approximately 98% of the population
could be expected to have an overhead reach of at least 79 inches. If the emergency
handle were placed at this height, approximately 2% of the population would not be
able to reach it.

Systems Safety Application of Probabilities

Probability formulas can be used in a variety of situations in which the investigator
wishes to determine 1) the chances that an event will occur in the future, or 2) if an
event has occurred, what were the odds of it occurring. One must select the appropri-
ate probability formula depending on the question posed. In this example, a system
safety engineer wanted to determine the probability that a particular transistor com-
ponent on a circuit board was the cause for a failure during operation. The circuit
board had five identical transistor components numbered one through five. The sys-
tems safety manager answered the following probability questions:

When the board fails, what is the probability that the failure was due to transistor #1?

1/5 = .20 or 20% probability that transistor #1 failed.

When the board fails, what is the probability that the failure was due to transistor #1
or #2?

1/5 + 1/5- (1/5 ¥ 1/5) = .36 or 36% probability that transistor #1 or #2 failed.

When the board fails, what is the probability that the failure was due to transistor #1
and #2?

1/5 ¥ 1/5 = .04 or 4% probability that transistor #1 and #2 failed at the same
time.

General Industrial Safety Application of the Binomial Probability

Safety managers can use binomial probabilities in a variety of situations to deter-
mine the probability of a particular outcome. In this application, a safety manager
has collected safety inspection data over a period of time for a particular power press.
A summary of the inspection data is as follows:
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Date Warning Light Comments
Working Properly

1/13/99 Y
1/20/99 N Light replaced
1/27/99 Y
2/5/99 Y
2/12/99 Y
2/19/99 Y
2/26/99 Y Warning light wiring harness changed with cheaper model.
3/6/99 N Light replaced
3/13/99 N Light replaced
3/20/99 N Light replaced
3/27/99 N Light replaced
4/5/99 Y

During the inspections that occurred during January to February, the safety manager
found the light to be burnt out during approximately 14% of the inspections, which
approximates the percentage from previous years. Following a change in the wiring
harness, the safety manager found the light to be burnt out during 80% of the inspec-
tions. The safety manager assumes that he has a 14% chance of finding a burnt out
light but sees that there were 4 burnt out lights in 5 inspections during March. The
odds of finding this number of burnt out lights in 5 inspections can be determined
using the Binomial Probability function.

P =
-

- -5
4 5 4

14 1 144 5 4!
! ( )!

(. )( . )( )

P = .008

Based upon this result, the probability of having 4 burnt out lights during 5 inspec-
tions is .8%. This means that if the light is burning out just by chance, there is a .8%
chance of obtaining these inspection results. Typically, when results occur at a prob-
ability of 5% or less, they are statistically significant. In other words, it is highly un-
likely that the light is burning out by chance—the statistical evidence indicates that
something is causing it to burn out. In this situation, one would suspect that the
changed wiring harness may be contributing to the burnt out lights, assuming all
other variables have remained the same. However, probabilities and correlations do
not show cause and effect. Changing the wiring harness back to the original type,
monitoring the frequency of burnt out lights, and establishing the fact that the fre-
quency of burnt out lights has decreased is one method of showing cause and effect.

Summary

A critical step in the establishment and use of safety performance measures is the
analysis of collected data. An understanding of the various data formats (categorical,
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ordinal, interval, and ratio) and statistical procedures will provide the safety man-
ager with valid and reliable results. When correctly analyzed, activities designed to
improve safety performance will have a greater impact upon performance and future
measures. Descriptive measures allow the safety manager to describe the safety per-
formance status in the workplace. These measures fall into two categories: those that
describe the “center” of the data (mean, median, and mode) and those that describe
how “spread out” the data is (range, variance, and standard deviation).

Statistical procedures, such as correlations, indicate relationships between two or
more factors. Inferential statistics and probabilities allow the safety manager to reach
conclusions about the safety performance measures (e.g, has the training had a real
effect or is the reduction in accidents due to chance alone) and to have a degree of
certainty about the findings.

Chapter Questions

1. Define the measures of central tendency and the measures of variability.

2. The following data was collected from CJD Industries over a 12 month period:
Month Number of Injuries

January 5
February 8
March 9
April 5
May 4
June 6
July 7
August 4
September 8
October 9
November 5
December 4

Calculate the mean, median, mode, standard deviation, range, and variance for
the number of injuries that occurred per month.

3. Differentiate between ordinal, nominal, ratio, and interval data formats.

4. What percentage of the population would expect to fall between the mean and
two standard deviations?

5. If it was determined that the probability of a system failure due to component A is
.0003 and the probability of a system failure due to component B is .0001, what is
the probability of a system failure due to A and B?

6.  If it was determined that the probability of a system failure due to component A
is .0002 and the probability of a system failure due to component B is .0004, what
is the probability of a system failure due to A or B assuming A and B could occur at
the same time?
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7. It was determined that the probability of having one accident during a five-day
workweek was .003. What is the probability of having exactly 3 accidents in a five-
day work week?

8. What are the probability formulas for a joint event, compound event, and simple
event probability?

9. What is the maximum value a probability can have?

10. Describe the impact data representing a sample versus a population has upon
calculating a variance and standard deviation.



43

A control chart is a statistical device used for the study and control of safety perfor-
mance in the workplace. The basis of control chart analysis is the knowledge of chance
variations in the data (Duncan 1974, 375). If a series of safety measurements are plotted
and the obtained measurements are truly random, the distribution would approximate
the normal bell-shaped curve. Plotting the data on a control chart, one would obtain
measurements over time that fall into the ranges depicted in Figure 4.1, with more
measures occurring at or near the average more frequently and readings at the extreme
ends of the possible measurements infrequently.

Control charts are used in safety to detect significant changes in performance mea-
sures and to ascertain whether the performance measures are within an acceptable
range. The acceptable range for a control chart is established using control limits. When
the data points fall outside of the control limits, a significant change has occurred
and an investigation should be conducted. To reinforce this idea, it is useful to docu-
ment the “owner” of each performance measure and the management decisions that
have been, or will be made based upon this measure (Department of Energy, Hanford
Site 2001).

Run Charts

A run chart is a preliminary display of safety performance indicator data (Depart-
ment of Energy, Hanford Site 2001). The run chart is a graphic representation of the
raw data over time without the presence of the average, upper control limits, and
lower control limits. When using the data from a run chart to construct a control chart,
it is important that the data obtained for the control chart is coming from the same
type of sample that the run chart was constructed with. If the characteristics of the
subjects from which the control chart data is being constructed from differ signifi-
cantly from those that the run chart was constructed from, significant values may be
obtained not because of actual significantly different performance, but rather because
of differences in the subjects.

4

Run Charts and Control Charts
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For example, suppose a safety manager collected data on back injuries over a period
of time. At some point, a new back injury awareness program is started which includes
a more aggressive reporting program. As one may expect, the number of reported
back injuries increase, thus producing a run chart in which the data appears to indi-
cate a worsening problem—a rise in the number of back injuries. However, the run
chart data do not reflect a true decline in the safety of the facility, but rather the effects
of implementing a new injury-reporting program. As a result of the lack of homoge-
neity in the data collected, the run chart does not truly indicate the injury experience
over time. A better alternative is to use the data from the new reporting program as a
baseline rather than analyze it in comparison to prior data.

Developing Run Charts

Developing a run chart begins with defining the items you want to track. If, for ex-
ample, the run chart will be used to track injuries, a definition of what constitutes an
injury should be established. This provides consistent data collection and helps vali-
date the results of the run chart. The measurement tracked (such as injuries) is plot-
ted on the y-axis.

Scaling of the y-axis should be from zero through the highest data value (or highest
control limit value). Starting the y-axis at a value higher than zero is to be avoided, as
most people expect graph scales to be zero-based and linear. When a value plotted
on the graph appears to be twice as large as the previous value, most people assume
that the data has doubled. Starting the scale at a non-zero value may skew this per-

Figure 4.1. Theoretical Basis for the Control Chart
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spective, and should be avoided unless absolutely necessary to see trends in the data.
Time is plotted on the x-axis, and the time intervals should be equally spaced.

The process for setting up a run chart is as follows (Department of Energy, Hanford
Site 2001):

1. Define the item that one wishes to measure (e.g., injuries, accidents, etc.).

2. Collect a sufficient amount of homogeneous data to construct the run chart.

3. Establish the scale for the Y-axis and label.

4. Establish the scale for the X-axis and label.

5. Gather the data for each time interval.

6. Plot each datum point on the graph.

7. Connect the points with line segments.

Run Tests

A run up is a succession of increases in value, and a run down is a succession of de-
creases (Duncan 1974, 386). The run refers to the increases or decreases, not to the
numbers that produce the increases or decreases. For example, a series of measure-
ments that were 2, 5, 8, 9, and 11 would be considered a run up of 4. A series of mea-
surements that produced results of 18, 15, 12, 7, and 4 would be considered a run
down of 4. Figure 4.3 represents a run up of 4.

Figure 4.2. Run Chart
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Runs can be important in a number of ways when examining run charts and control
charts. Two useful methods are (1) to count the total number of runs of any given class
and (2) to note the length of the longest run of a given type (Duncan 1974, 387). The
probabilities of the number of runs and the length of runs appearing at random in a
run chart can also be estimated for the purpose of finding statistically significant plots
of data. Suppose, for example, a safety manager in a water-bottling plant noted that a
run chart of near accidents in the last year contained 7 runs up. If he or she also knew
that run charts (of one year) with random data typically contain only 4 runs up, then
the data may indicate an increase in the number of near accidents. The probability of a
run chart with 7 runs up due only to chance could, in fact, be something very small,
such as 4%. This would then be a good indication of statistically significant data.

Control Charts

A control chart is a run chart with the addition of a line indicating the mean and two
lines indicating upper and lower control limits. A common upper control limit (UCL)
is three standard deviations above the mean, and a common lower control limit (LCL)

Figure 4.3. Data Run Up

Chart Indicating a Run Up of 4
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is three standard deviations below the mean. The calculation of control limits depends
on the type of control chart. In general, if the data could not possibly be less than zero,
e.g., a negative number of reports written, or a negative time period, then the LCL is
assumed to equal zero.

In order to calculate control limits and the mean for variable charts, samples of size 4
or 5 observations are usually used; whereas for attribute charts, samples of 50 to 100
observations are most often used (Juran and Godfrey 1999, 45–47). For example, when
constructing a variable control chart such as an X chart, samples of 4 to 5 observa-
tions are collected over a period of time with each sample collected over equal inter-
vals. After 30 samples have been collected, the sample averages of 4 to 5 observations
can be calculated, and then an overall average for the 30 sample averages. The overall
average of the 30 samples is then used to construct the upper and lower control limits.

The more data points used to calculate the average and control limits, the more likely
the data is representative of what is being measured, and the less likely fluctuations
will result. It is also better to take small samples frequently than a single large sample.
Experience is usually the best method for deciding on the frequency of taking samples
(Juran and Godfrey 1999, 45–47). Further methods for calculating the upper and lower
control limits for various types of control charts will be discussed in detail in the fol-
lowing sections.

Out-of-Control Criteria

The purpose of constructing the control chart is to graphically identify trends in data
that indicate areas that must be addressed. When using control charts, safety manag-
ers will want to note data that is a “trend” or data that is “out of control.” Data that
consistently falls between the upper and lower control limits, or data that is “in con-
trol,” may indicate that the control limits need to be recalculated with the more current
data, thus tightening the control limits and thereby further improving the expected
performance levels.

There are various criteria that have been established that define a control chart as
being “out of control.” These criteria are (Duncan 1974, 392):

1. One or more points outside the limits on a control chart.

2. One or more points in the vicinity of a warning limit. This suggests the need for
immediately taking more data to check on the possibility of the process being out
of control.

3. A run of 7 or more points. This might be a run up, a run down, or simply a run
above or below the central line on the control chart.

4. Cycles or other patterns in the data. Such patterns may be of great help to the
experienced operator.

Other criteria that are sometimes used are the following:
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5. A run of 2 or 3 points outside of 2-sigma limits (2 standard deviations).

6. A run of 4 or 5 points outside of 1-sigma limits (2 standard deviations). When
applying the out of control criteria, it is important to note that when using any
statistical based procedure such as control charts and out of control criteria, the
chances of finding an “out-of-control” chart increases as the number of out of
control criteria applied to the chart increases. For example, one may be more likely
to classify a chart as out of control when applying 5 criteria than when one applies
only one criterion. This could be due not to the fact that there is a problem but
rather due to the fact that so many criteria were applied. An out-of-control find-
ing when the process is really not out of control is referred to as a false positive. To
reduce the chances of false positives for control charts, one should evaluate the
control chart using longer runs of data (Duncan 1974, 393).

Interpreting Control Charts

Control chart criteria such as the mean, upper control limit, and lower control limit
are developed using data from past records. As current data points are collected, they
are placed on the chart and monitored. Data that lie outside of the control limits,
data that are trending in a direction (i.e., run ups or run downs), and data that are
classified as “out of control” require special attention from the safety professional.
Data runs (either up or down) indicate that something may be influencing the envi-
ronment from which the data is being collected. For example, in a control chart that
is monitoring recordable injury rates, a run up over successive periods indicates a
worsening performance area. A run down for injury rates may indicate that safety
interventions directed at reducing injury rates may be having an effect.

Data points consistently above the upper control limit indicate that the data is sig-
nificantly different from what was expected. Points above the upper control limit could
indicate problem if the data represents recordable injuries, or they may indicate a good
thing if the data represents the number of positive safety contacts made between
supervisors and employees. The same type of scenario holds true for points that are
consistently below the lower control limit.

When points that represent a positive aspect consistently lie outside of the upper or
lower control limits, one should consider reconstructing the control chart using the
current data. By doing so, the safety manager can shift the mean, upper control limit,
and lower control limit so that ranges on the control chart will more closely reflect
the current data being collected. On the other hand, if points that represent a negative
aspect consistently lie outside of the upper or lower control limits, it is imperative for
the safety professional to evaluate the circumstances that are causing the results and
implement the appropriate corrective measures.

If data on the control chart display wide fluctuations, with points both above and
below the control limits, the chart is said to be “out of control.” In this case, it is up to
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the safety manager to analyze the circumstances behind the data. Only through careful
analysis can he or she identify the root cause of the fluctuations. Appropriate counter-
measures should then be developed and implemented.

Treatment of Significant Changes

If any of the criteria for out of control data exist in constructing a new control chart,
the average control limits may need to be calculated (Department of Energy, Hanford
Site 2001). One may need to recalculate the control chart when it is determined that
the process or activity being monitored had undergone a significant change, thus
making the data being collected in the future significantly different that what would
have been obtained had the process not undergone the change.

To illustrate an example of when it may be necessary to recalculate a control chart
due to significant changes the following scenario was constructed:

A safety manager decided to construct a control chart to monitor the average num-
ber of lost workdays per OSHA recordable case for the production department in a
paper manufacturing company. The safety manager collected the data from the pre-
vious three years’ OSHA logs and calculated the average number of days per month
along with the upper and lower control limits. Using the newly constructed control
chart, the safety manager began to plot the monthly average lost workdays. After six
months of plotting the average lost workdays as they were occurring, the safety man-
ager found that the points were all well above the upper control limit. Going back
through the three years of data used to construct the chart, the safety manager no-
ticed a jump in the severity of injuries after a new production line operation was added
to the production department two years earlier. Identifying this new production line
as a significant change in the department, it was decided to recalculate the control
chart using data collected after the introduction of the new line.

Attribute Control Charts

Attribute charts are used when the data being measured meet certain conditions or
attributes. Attributes are involved when the safety measures are categorical (Griffin
2000, 434). Examples of categorical data include the departments in which accidents
are occurring, the job classification of the injured employee, and the type of injury
sustained. The type of attribute control chart used depends on the data format of the
specific attribute measured. The attribute charts covered in this chapter are

• p-chart, for controlling the number of nonconformities; used with binomial data.

• u-chart, for controlling the number of nonconformities per unit of exposure; used
with Poisson process data.
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• c-chart, for controlling the number of nonconformities; used with data from
samples of various sizes.

• np-chart, for controlling the number of nonconformities.

p-Chart

The p-chart is used with “binomial” data—or data with two possible outcomes. For
example, a p-chart may be used to chart the percentage of each sample that is non-
conforming to the safety requirements (Juran and Godfrey 1999, 45.12). P-charts have
the advantage of taking into account the sample size (e.g., the number of work orders
completed) and accounting for the high level of random fluctuations when the sample
size is small (e.g., very few workers exposed). P-charts can also be used when the
subgroups are not of equal size.

The control limits for the p-chart are normally expressed in terms of the standard
deviation. The formula for calculating the standard deviation is (Juran and Godfrey
1999, 45.12):

s = -p p
n

( )1

Where:
s is the standard deviation
p is the percentage of nonconformities
n is the total number of subjects

So the upper and lower control limits for a p-chart will be at:

p
p p

n
± -

3
1( )

Where:

p is the mean percentage of nonconformities
n is the number of subjects in each sample

As a general rule of thumb, when constructing the control chart, a minimum of 20 to
25 sample periods should be collected over a sufficient period of time (Juran and
Godfrey 1999, 45.13). Within each of those samples, the number of observations needs
to be large enough to have defects present in the subgroup most of the time. For
example, suppose a safety manager collects 3 accident reports for a month’s sample
to determine the extent of the back injury problem. Three accident reports may not be
a large enough number of observations to identify a back injury problem in the plant.
Had the safety manager selected more accident forms for analysis, a back injury prob-
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lem may have been identified. The question for the safety manager is “How many ob-
servations should one take in a sample?” One of the ways to estimate how many obser-
vations should be taken in a sample is to use the historical rates. If we have some idea
as to the historical rate of nonconformance, p, we can use the following formula to
estimate the subgroup size:

n
p

= 3

Where:
n represents the sample size
p represents the proportion of nonconformities

Another problem that safety managers are faced with is that the number of observa-
tions in the samples may not be equal. If the subgroup size (n) varies, there are three
possibilities that can be used to construct the p-chart (Juran and Godfrey 1999, 45.13):

1. We can calculate the average size of the subgroups. This is appropriate when the
sizes are similar or all data lie near the centerline.

2. We can calculate separate control limits for each subgroup. However, this might
lead to a confusing chart.

3. We can find the average of the subgroup size and use the resulting control limits,
but when a point falls near of the control limit, calculate the actual limits using
the actual subgroup size.

The average for the p control chart is the overall average fraction for the sample.

Sample p-Chart

Data were collected for all reported injuries during a 10-week period. The safety man-
ager wished to construct a control chart depicting the percentage of reported injuries
that were hand injuries. The following table was constructed:

Week Number of Number of Fraction of
Number Reports Hand Injuries Hand Injuries

1 152 5 0.0329
2 103 6 0.0583
3 75 4 0.0533
4 128 6 0.0469
5 90 5 0.0556
6 174 7 0.0402
7 144 4 0.0278
8 167 9 0.0539
9 108 7 0.0648

10 119 6 0.0504

Totals 1260 59

Averages 126 5.9 0.0484
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The upper and lower control limits for a p-chart will be at:

p
p p

n
± -

3
1( )

UCL = + - =.
. ( . )

.0484 3
0484 1 0484

126
1054

LCL = - - = -.
. ( . )

.0484 3
0484 1 0484

126
0086

Where:
p is the mean percentage of nonconformities
p is the percentage of nonconformities
n is the number of subjects in each sample
UCL is the Upper Control Limit
LCL is the Lower Control Limit

The control chart for the data set would be as depicted in Figure 4.4.

Figure 4.4. Sample p-Chart
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Interpreting the p-Chart

Data selected over the 10-week period was used to construct the p-chart that appears
in Figure 4.4. Examination of the chart indicates that the data used in the construc-
tion of the chart is considered to be in control since the plotted points consistently
fall between the upper and lower control limits and the data points do not meet any
of the criteria for an “out-of-control” chart. If and when the data used to construct
the chart is out of control, the outliers need to be identified and the reasons for the
problem data need to be addressed. A new control chart needs to be constructed
with data that is considered in control. With the control chart constructed, the safety
manager now collects data in the future and continues to plot the new sample values
as they are obtained in the future. Evaluations and interpretations are made as new
data points are added to the chart in terms of out-of-control data or the need to recal-
culate the control chart to narrow the control limits.

c-Chart

The c-chart is used for “Poisson” processes. This type of chart monitors the number
of relatively infrequent “events” in each of many equal samples (constant sample size).
For example, occurrence-reporting data (i.e., number of accidents per month) are
usually plotted on c-charts because the data empirically appears to fit the “Poisson”
model.

The standard deviation for a c-chart is (Juran and Godfrey 1999):

s = c

where c is the average number of nonconformities per unit of time. (In this case,
the “unit,” commonly referred to as an inspection unit, is a standard measure of
time—usually something such as “per month.”) The upper and lower control limits
for a c-chart will be at:

c c± 3

Sample c-Chart

Data were collected for a 12-month period from accident reports. The safety manager
wished to construct a control chart depicting the frequency of back injuries reported
each month. The following table was constructed:
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Month Number of
Back Injuries

1 1
2 0
3 0
4 2
5 1
6 0
7 0
8 0
9 2
10 3
11 4
12 3

Totals 16

Average Number of 1.33
Back Injuries per Month

The upper control limit for the c-chart will be at:

1 33 3 1 33 4 79. . .+ =

The lower control limit for the c-chart will be at:

1 33 3 1 33 2 13. . .- = -

Since a value of -2.13 is not achievable, the lower control limit should be set to 0. The
resulting control chart is in Figure 4.5.

Examination of this chart indicates that the data used in the construction of the chart
is considered to be in control since the plotted points consistently fall between the
upper and lower control limits and the data points do not meet any of the criteria for
an “out-of-control” chart. With the control chart constructed, the safety manager now
collects data in the future and continues to plot the new sample values as they are
obtained in the future adding the points to the chart. As the new samples are plotted,
the safety manager evaluates the data in the same manner as described in the previ-
ous control charts.

u-Chart

The u-chart can be used when counting accidents per sample when the sample size
varies for each observation (Training Resources and Data Exchange [TRADE] 1995).
U-charts are used when it is not possible to have an inspection unit of a fixed size.
This chart is also referred to as a standardized chart (Juran and Godfrey 1999). A good
example of data suited to this chart is the number of lost or restricted workday cases
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per 200,000 man-hours. In this case, the number of cases is counted in fixed time
intervals (that is, the records provide data on the number of cases per month), but
the sample size used (the number of man-hours worked during each month) changes.

The standard deviation is calculated using the average number of nonconformities
per unit of measure ( u ) and the average sample size per measurement ( n ). The for-
mula used to calculate the standard deviation is:

s = u
n

The upper and lower control limits for a u chart are set by (Juran and Godfrey 1999):

u
u
n

± 3

Sample u-Chart

OSHA recordable injury incidence rates were collected for a 12-month period. The
risk manager wished to construct a control chart depicting the incidence rates for
each month. The following table was constructed:

Figure 4.5. Sample c-Chart



56 Safety Metrics

Month Man Hours Worked Recordable Injuries Injury Rate

1 5,700 3 0.0005
2 5,600 4 0.0007
3 5,500 3 0.0005
4 5,400 2 0.0004
5 5,600 4 0.0007
6 5,000 5 0.0010
7 5,600 3 0.0005
8 5,500 2 0.0004
9 5,400 4 0.0007
10 5,600 5 0.0009
11 5,500 2 0.0004
12 5,400 2 0.0004

Totals 65,800 39

The average number of nonconformities ( u ) is:

u = 39/65,800 = .0006

The average number sample size ( n ) is:

n = 65,800/12 = 5,483.3

The upper control limit for the u-chart will be at:

.
.
, .

.0006 3
0006

5 483 3
0016+ =

The lower control limit for the u-chart will be at:

.
.
, .

.0006 3
0006

5 483 3
0004- = -

The completed control chart appears in Figure 4.6.

An alternative to using the overall average number of man-hours worked is to calcu-
late the upper and lower control limits using the number of man-hours worked for
that specific month. This method would result in moving upper and lower control
limits. It is preferred to calculate the control limits month to month when there is a
difference of 25% or more in the sample sizes. In the following example, data was col-
lected on the number of first-aid cases resulting from the use of a production process
in a manufacturing facility. The number of days per month in which the production
line was used varies from month to month. This variation exceeds a 25% difference
from one month to another. Therefore, the safety manager has decided to calculate
the control limits from month to month. The same formula is used for calculating the
average. However, when calculating the upper and lower control limits, the number
of units (in this case, the number of times the production line operated) is used for
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Month Number of
times the
production
line was run

Number of
first aid cases

First Aid Case
Rate per line
run

UCL LCL

1 5 0 0 1.27 0 (-.45)
2 7 4 .57 1.14 0 (-.32)
3 9 5 .56 1.05 0 (-.23)

4 4 2 .50 1.37 0 (-.55)
5 7 3 .43 1.14 0 (-.32)
6 6 2 .33 1.19 0 (-.37)

7 3 0 0 1.52 0 (-.70)
8 7 5 .71 1.14 0 (-.32)
9 9 4 .44 1.05 0 (-.23)

10 5 1 .20 1.27 0 (-.45)
11 4 1 .25 1.37 0 (-.55)
12 8 3 .38 1.09 0 (-.32)

Totals 74 30

Figure 4.6 Sample u-Chart
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each month rather than the average number of times the production line operated
for the entire period.

The average number of first-aid cases per production line used ( u ) is 30/74 = .41.
The upper control limit for Period 1 is .41 + 3 . /41 5 = 1.27, and the lower control limit
is .41 - 3 . /41 5 = -.44 (indicated as 0 on the chart since the obtained value is nega-
tive). This same process is followed for each period under observation. The control
chart using this technique appears in Figure 4.7.

This chart indicates that the data used in its construction is considered to be in con-
trol. As is the case with out-of-control data, the reasons for the problem data need to
be addressed, and a new control chart needs to be constructed. The safety manager
now collects new data and continues to plot the new sample values as they are ob-
tained in the future. As new data is collected, it is plotted and analyzed.

Figure 4.7. Sample u-Chart, UCL Plotted by Point
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np-Charts

Like p-charts, np-charts are used to analyze accidents and other “nonconforming
events” or “deviations” over a constant period; however, the np-chart uses a constant
sample size and plots the number of nonconformities (np) rather than the percentage
of nonconformities (p) (Griffin, p. 439). The steps to follow for constructing an np-
chart are the same as for a p-chart (Training Resources and Data Exchange (TRADE)
1995, 2-1). The np-chart is used when:

1. The number of defectives is easier or more meaningful to report.

2. The sample size (n) remains constant from period to period.

The upper and lower control limits for a np-chart can be derived by (Juran and Godfrey
1999, 45.14):

n p n p p± -3 1( )

where n p is equal to the average number of nonconformities per group and p is
equal to the average fraction of nonconformities per group. An alternative method
for calculating the upper and lower control limits for an np-chart is (Juran and Godfrey
1999, 45.15):

x x
x

n
± -Ê

ËÁ
ˆ
¯̃

3
1

Where x is equal to the average number of nonconformities per group and n is equal
to the number of items in each subgroup.

Sample np-Chart

In the following example, data was collected over five day observation periods in which
the number of hand injuries was identified. The first step in constructing the control
chart is to determine the average number of hand injuries per analysis period (n p).
Since there are 5 observations per group (n), multiplying the proportion of hand inju-
ries for the group (p) yields the number of injuries. Therefore, n p is equal to the aver-
age number of cases per observation group for the analysis period (.28 ¥ 5) = 1.4. This
number can also be obtained by calculating the average number of hand injuries for
the analysis period (14 injuries/10 periods = 1.4). With n p calculated, the upper and
lower control limits can be derived using the formula provided. The example in the
next section illustrates how the upper and lower control limits are calculated.
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Week Number of Number of Fraction of
Number days (N) Hand Injuries Hand Injuries

1 5 2 0.4
2 5 1 0.2
3 5 1 0.2

4 5 0 0.0
5 5 0 0.0
6 5 2 0.4

7 5 3 0.6
8 5 1 0.2
9 5 2 0.4

10 5 2 0.4

Totals 50 14

The average number of injuries per 5-day period is 1.4. The number in each sub-
group (n) is constant at 5. The upper control limit would be calculated as:

1 4 3 1 4
1 1 4

5
4 41. .

.
.+ -Ê

ËÁ
ˆ
¯̃

=

The lower control limit would be calculated as:

1 4 3 1 4
1 1 4

5
1 61. .

.
.- -Ê

ËÁ
ˆ
¯̃

= -

Since the lower control limit, -1.61, is unattainable, the lower control limit should be
set to 0. The sample np chart appears in Figure 4.8.

This chart indicates that the data used in its construction is considered to be in con-
trol. As is the case with out of control data, the reasons for the problem data need to
be addressed and a new control chart needs to be constructed. The safety manager
now collects data in the future and continues to plot the new sample values as they
are obtained in the future. As new data is collected, it is plotted and analyzed.

Variables Control Charts
Control charts based on measurements of quality characteristics are often found to
be a more economical means of controlling performance than control charts based
on attributes (Duncan 1974, 431). The two most common types of variables control
charts are x -charts and R-charts.

x -chart

The x -chart is used primarily with “variable” data, which are usually measurements
such as the concentration of hazardous materials in the air, the number of days it
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takes to return from an accident, or the number of accidents per period. An accept-
able method to calculate the standard deviation for an x -chart is to calculate the
standard deviation for a sample. The formula for calculating the standard deviation
is presented in Chapter 3.

The first step in constructing an x -chart is to calculate the average of each subgroup
and the grand mean of all subgroups using the formula presented in Chapter 3. Next,
the upper control limit and the lower control limit can be calculated using the follow-
ing formulas. (A2 can be found in the table in Appendix A. An excerpt from the table is
presented below.)

UCL = X + A 2 R

LCL = X - A
2 R

Where:
UCL is the upper control limit
LCL is the lower control limit
X is the mean of the measurements
A2 is the value taken from the table in Appendix A
R is the mean of the ranges for the measurements (the range is determined by

subtracting the highest measurement from the lowest)

The value for A2 can be found in the following table (also printed in the table in
Appendix A):

Figure 4.8. Sample np-Chart
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N A
2

2 1.880
3 1.023
4 .729
5 .577
6 .483
7 .419
8 .373
9 .337

where N is the number of observations per group.

The data are interpreted using the following guidelines; the process is not in control if
there are (Juran and Godfrey 1999, 45.10):

a. One or more points outside the 3 sigma control limits

b. Eight or more successive points on the same side of the centerline

c. Six or more successive points that increase or decrease

d. Two out of three points that are on the same side of the centerline, both at a dis-
tance exceeding 2 sigmas from the centerline

e. Four out of five points that are on the same side of the centerline, four at a dis-
tance exceeding 1 sigma from the centerline

x-Chart Example

The following data consist of 20 sets of three measurements of levels (in ppm) of an
air contaminant in the production area of a manufacturing facility.

N Measurement Measurement Measurement Range Mean
    #1     #2     #3

1 50 48 47 3 48.3
2 51 50 49 2 50.0
3 50 51 50 1 50.3

4 49 50 50 2 49.7
5 48 47 51 3 48.7
6 50 49 48 2 49.0

7 51 50 50 1 50.3
8 50 51 49 2 50.0
9 49 48 47 2 48.0

10 50 50 49 1 49.7
11 51 51 50 1 50.7
12 48 50 50 2 49.3

13 50 47 51 4 49.3
14 50 49 48 2 49.0
15 51 50 50 1 50.3
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N Measurement Measurement Measurement Range Mean
    #1     #2     #3

16 50 51 49 2 50.0
17 49 48 47 2 48.0
18 50 50 49 1 49.7

19 51 51 50 1 50.7
20 48 50 51 3 49.7

Mean 1.9 49.5

To construct an x -chart, the ranges and the means for each measurement period
were calculated. Next, the safety manager calculated the overall mean of all the ranges
and the mean of all the means, otherwise referred to as the grand mean ( X).

X = (48.3 + 50.5 + 50.3 . . . . )/ 20 = 49.5

The average range ( R ) is the average of the ranges. It is calculated as:

R = (3 + 2 + 1 . . . . )/ 20 = 1.9

The value for A2 is obtained from the table in Appendix A. Since there are 3 observa-
tions per group (n = 3), the obtained table value is 1.023.

The upper and lower control limits are calculated by (American Society for Testing
and Materials 1995):

UCL = X + A2¥ R = 49.5 + 1.023 ¥ 1.9 = 51.4

LCL = X - A2¥ R = 49.5 - 1.023 ¥ 1.9 = 47.6

This chart (Figure 4.9) indicates that the data used in its construction is considered to
be in control. As is the case with out of control data, the reasons for the problem data
need to be addressed and a new control chart needs to be constructed. The safety
manager now collects data in the future and continues to plot the new sample values
as they are obtained in the future. As new data is collected, it is plotted and analyzed.

R-Chart

R-charts are control charts used to track the ranges of samples. The range of a sample
is the difference between the largest observation and the smallest. The range is not
recommended for sample sizes greater than 10 since it becomes less effective than
the standard deviation as a detector of causes (American Society for Testing and Ma-
terials 1995). To construct an R-chart, data are divided into subgroupings of (usually)
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four or five points. The average of each subgroup is plotted on the x -chart, and the
range (the highest value minus the lowest value) is plotted on the R-chart. The stan-
dard deviation for each graph is calculated by determining the mean of the range
values (signified as R ). First, the R-chart is constructed. If the R-chart validates that
the process variation is in statistical control, the x -chart is constructed.

When constructing an R-chart, make certain there are at least 20 groups and there are
between 1 and 9 measurements in each group. There are typically 3 to 5 measurements
per group. To find the range of each subgroup, subtract the smallest measurement
from the largest. The average range ( R ) is the average of the ranges. It is calculated
with:

R = (.0004 + .0005 + .0007 . . . . )/ 20 = .0005

The upper and lower control limits can be found with the following formulas (Ameri-
can Society for Testing and Materials 1995):

UCL = D4 R

LCL = D3 R

Where:
D3  is the value from the table in Appendix A
D4  is the value from the table in Appendix A

Figure 4.9. Sample x -Chart



65Run Charts and Control Charts

R is the average range for the measurements
UCL is the upper control limit
LCL is the lower control limit

D3 and D4 can be found in the table in Appendix A. An excerpt from the table follows:

n D3 D4

2 0 3.267
3 0 2.574
4 0 2.282

5 0 2.114
6 0 2.004
7 0.076 1.924

8 0.136 1.864
9 0.184 1.816

Plotting the subgroup data will allow the analyst to determine if the process is in sta-
tistical control. If it is not, the subgroups that are identified as being outliers should
be eliminated if the cause for their deviation can be explained. A new chart can be
reconstructed with the new data. Do not eliminate subgroups with points out of range
for which assignable causes cannot be found. Once the R-chart is in a state of statis-
tical control and the centerline R can be considered a reliable estimate of the range,
the process standard deviation can be estimated using:

s = R /d2

Where:
s is the standard deviation
d2 is the table value for d2

R is the average range for the measurements

The value for d2 can be found in the table located in Appendix A, using n = 3 since
there are 3 measurements per group. An excerpt from the table follows:

n d2

2 1.128
3 1.693
4 2.059

5 2.326
6 2.534
7 2.704

8 2.847
9 2.970
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R-Chart Example

Using the same data presented in the x -chart section of this chapter, an R-chart can
be constructed using the ranges obtained in the measurements for each trial. The
mean range ( R ) is the mean of all ranges. It is calculated as:

R = (Range Trial #1 + Range Trial #2 + Range Trial #3 . . . . )/Number of Trials

The upper and lower control limits are calculated using the following formulas and
table located in Appendix A again using n = 3 since there are 3 measurements per
group.

UCL = D(4) ¥ R = 2.574 ¥ 1.9 = 4.8906

LCL = D(3) ¥ R = 0.000 ¥ 1.9 = 0.000

R-Chart Sample Data

N Measurement Measurement Measurement Range Mean
    #1     #2     #3

1 50 48 47 3 48.3
2 51 50 49 2 50.0
3 50 51 50 1 50.3

4 49 50 50 2 49.7
5 48 47 51 3 48.7
6 50 49 48 2 49.0

7 51 50 50 1 50.3
8 50 51 49 2 50.0
9 49 48 47 2 48.0

10 50 50 49 1 49.7
11 51 51 50 1 50.7
12 48 50 50 2 49.3

13 50 47 51 4 49.3
14 50 49 48 2 49.0
15 51 50 50 1 50.3
16 50 51 49 2 50.0

17 49 48 47 2 48.0
18 50 50 49 1 49.7
19 51 51 50 1 50.7

20 48 50 51 3 49.7

Mean 1.9 49.5
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s-Chart

The sample standard deviation(s) may be used with the x -chart in place of the sample
range to measure the process dispersion. When doing so, an s-control chart is con-
structed. In this case, calculate the sample standard deviations, find the average stan-
dard deviations, and calculate the control limits from the following equations (Juran
and Godfrey 1999):

UCL = B(4) s

LCL = B(3) s

Where:
s is the average standard deviation
D(2) is the table value for D(2)
LCL is the lower control limit
UCL is the upper control limit

The values for B(3) and B(4) can be found in Table 1 of Appendix 1. An excerpt from
the table is presented below where n is equal to the number of measurements in each
sample:

Figure 4.10. Sample R-Chart
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n B(3) B(4)

2 0 3.27
3 0 2.57
4 0 2.27

5 0 2.09
6 .030 1.97
7 0.12 1.88

8 0.19 1.82
9 0.24 1.76

To calculate an s-chart, a minimum of 20 samples of data should be obtained with 1
to 9 measurements in each sample (Juran and Godfrey 1999). The standard deviation
for each sample is derived using the standard deviation formula presented in Chap-
ter 3. These standard deviations are then averaged using the formula for calculating a
mean. The result is the average standard deviation, s .

The s-chart is interpreted using the following guidelines to determine if the process
is in control (Juran and Godfrey 1999, 45.10):

a. one point outside the 3-sigma control limit

b. two out of three points that are on the same side of the centerline, both at a dis-
tance exceeding 2 sigmas from the centerline

c. eight successive points on the same side of the centerline

d. four out of five points that are on the same side of the centerline, four at a dis-
tance exceeding 1 sigma from the centerline

e. six successive points that increase or decrease

s-Chart Example

The following data consist of 20 sets of three measurements of air contaminant read-
ings as measured in parts per million (PPM).

n Measurement Measurement Measurement Standard
    #1     #2     #3 Deviation

1 50 48 47 1.53
2 51 50 49 1.00
3 50 51 50 0.58

4 49 50 50 0.58
5 48 47 51 2.08
6 50 49 48 1.00

7 51 50 50 0.58
8 50 51 49 1.00
9 49 48 47 1.00
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n Measurement Measurement Measurement Standard
    #1     #2     #3 Deviation

10 50 50 49 0.58
11 51 51 50 0.58
12 48 50 50 1.15

13 50 47 51 2.08
14 50 49 48 1.00
15 51 50 50 0.58

16 50 51 49 1.00
17 49 48 47 1.00
18 50 50 49 0.58

19 51 51 50 0.58
20 48 50 51 1.53

Average 1.00

The upper and lower control limits for an s-chart are calculated as follows:

s = 1.00

UCL = B(4) ¥ s = 2.568 ¥ 1.00 = 2.568

LCL = B(3) ¥ s = 0 ¥ 1.00 = 0

Figure 4.11. Sample s-Chart
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Pareto Charts

Vilfredo Pareto was a nineteenth-century economist who studied the distribution of
wealth and income. Most of the wealth at this time was concentrated in a few hands,
and the great majority of people were in poverty. The Pareto Principle states that in
any population that contributes to a common effect, a relative few of the contribu-
tors account for the bulk of the effect (Juran and Godfrey 1999).

Pareto Diagram Analysis

Pareto Analysis is used to identify and evaluate the factors that contribute to the great-
est frequency of unwanted events. To establish a Pareto Diagram, information about
the factors that contribute to the safety problems under analysis must be understood.
All contributing factors should be included in the diagram, and therefore the catego-
ries should account for 100 percent of the accidents in the investigation. To set up the
diagram, determine the frequency of accidents in each category as well as the per-
centage of accidents each category represents. Next, arrange the categories from left
to right in descending order based upon the frequency of accidents in that category.
In other words, the category with the greatest number of accidents is placed first (on
the left), then the category with the second greatest number of accidents is placed
next to the first, etc., until all the categories have been placed side by side, in de-
scending order.

The frequency of cases is presented on the left vertical axis while the cumulative per-
centage of accident cases is presented along the right vertical axis. A bar graph is
drawn along the horizontal axis with each category represented by a bar. The heights
of the bars are determined by the frequency of cases in that category and the vertical
axis along the right hand side of the chart.

Finally, a line graph is also drawn on the chart representing the cumulative percent-
age of the categories as you move from left to right. The cumulative percentage is
derived by adding the percentage of cases from the first category to the percentage of
cases in the second category, then the percentage of case from the first and second
categories to the percentage of cases in the third, and so on.

The analysis of a Pareto Diagram involves the evaluation of the categories that repre-
sent the greatest frequency of cases. From a safety standpoint, the Pareto Diagram
Analysis will aid in identifying those situations that result in the greatest number of
accidents, keeping in mind that high frequencies do not mean the greatest in terms
of severity.

Pareto Chart Example

In the example given in figure 4.12, the frequency of injuries were classified accord-
ing to the body part affected. Over this period, backs accounted for 40 percent of all
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injuries, hands accounted for 30 percent, arms accounted for 20 percent and all other
injuries accounted for 10 percent. To construct a Pareto diagram, the category that
accounted for the greatest percentage of cases is placed to the left of the diagram and
the remaining categories are arranged in descending order of overall percentage of
injuries. A line is constructed that indicates the cumulative percentage of injures. For
example, the first two categories of injuries (back injuries and hand injuries) account
for 70 percent of the injuries, so a point is placed at the 70 percent mark. The first
three categories account for 90 percent, and so on. All categories in the chart will total
to 100 percent of the injuries, and a point with a connecting line is located at the 100
percent mark on the graph.

Cause and Effect Analysis

Cause and effect analysis is useful in any kind of process capability analysis, not just
as the result of attributes inspection and Pareto analysis. The focus of cause and effect
analysis is on attacking a problem rather than on fixing blame. Once a nonconformity
has been isolated for further study, attention shifts to analyzing how the deviation
from specifications was caused. Sometimes the reason is obvious; sometimes a consid-
erable amount of investigation is required to uncover the cause or causes. The Japa-
nese have developed and used cause and effect analysis, and the resulting diagram,
as a formal structure for uncovering problem areas. The steps in a cause and effect
analysis are (Ishikawa 1982, 18): 

Figure 4.12. Sample Pareto Diagram
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1. Determine the quality characteristic. Pareto diagrams can be used to identify the
characteristic one would like to improve.

2. Determine the main factors that may be causing lower than expected levels of the
quality characteristic. Main factors can be identified through data analysis (i.e.,
highest frequencies), job analyses, etc.

3. On each branch item, or main factor, determine the detailed factors. Defining
and linking the relationships of the possible causal factors should lead to the source
of the quality characteristic.

There are various methods for arranging cause and effect diagrams. These methods
can be divided into the three following types (Ishikawa 1982, 21):

1. Dispersion Analysis Type: Determines why the dispersion exists

2. Production Process Classification Type: Diagram’s main line follows the produc-
tion process

3. Cause Enumeration Type: All possible causes are listed using brainstorming tech-
niques.

Cause and Effect Analysis Example

An example of a cause and effect analysis chart is depicted in Figure 4.13. In this analy-
sis, the focus was to determine those factors that resulted in over-exposure to haz-
ardous chemicals in the workplace. Using this as the characteristic that needs im-
provement, the major factors that contributed to the exposure to chemicals were iden-
tified. In this example, those factors included poor supervision, lack of personal pro-
tective equipment, unsafe job procedures, and a lack of engineering controls. Each of
these factors is represented by an arrow feeding into the main horizontal arrow. For
each of these major contributing factors, additional factors were identified that con-
tribute to the main causal factor. For example, the lack of personal protective equip-
ment was due primarily to the fact that the hazards were not properly assessed. This
was indicated on the cause and effect chart by an arrow feeding into the “Lack of
PPE” arrow. When completed, this chart represents those factors that contribute to
the unwanted situation. Prevention strategies can then be formulated that address
the factors identified in the chart.
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Summary

Safety managers often use control charts and run charts to monitor safety perfor-
mance in the workplace and identify trends that may signify a problem (much in
the same way an engineer monitors a production process for potential problems).
Although the safety manager is not measuring product defects, accidents, losses, and
property damage can be monitored and examined through the use of control charts
in the same manner.

Because of the underlying statistical processes used with control charts, the safety
manager can identify safety performance problems when they become statistically
significant. The safety manager can also use control charts to implement continual
improvement programs related to safety activities.

Figure 4.13. Cause and Effect Diagram
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Chapter Questions

1. Differentiate between a run chart and a control chart.

2. Define the following: x-axis, y-axis, UCL, LCL.

3. What is a “run down of 6” mean for a control chart?

4. What does it mean when a control chart is “out of control?”

5. If there is a significant change identified on a control chart, what action can be
taken?

6. Describe the uses for p, u, c and np charts?

7. Describe the uses for r, x and s charts?

8. What is a common number of standard deviations used to signify upper and lower
control limits?

9. The following data was obtained from CJD Industries:
n Measurement Measurement Measurement

   #1    #2    #3

1 50 48 47
2 51 50 49
3 50 51 50

4 49 50 50
5 48 47 51
6 50 49 48

7 51 50 50
8 50 51 49
9 49 48 47

10 50 50 49
11 51 51 50
12 48 50 50

13 50 47 51
14 50 49 48
15 51 50 50

16 50 51 49
17 49 48 47
18 50 50 49

19 51 51 50
20 48 50 51

Average

Develop an “s chart” for the data.

10. What is a Pareto diagram and Pareto Analysis used to identify?
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The concepts of trending and forecasting are used extensively in safety performance
measurement. Forecasting accidental losses or any other future event requires detect-
ing past patterns and projecting them into the future (Tiller, Blinn, Kelly, and Head
1989, 23). There are often important, constant elements to these patterns: the fre-
quency of work injuries may be predictably related to output levels, the rate at which
inflation increases the financial impact of a given injury may continue past inflation-
ary trends, etc. (Tiller, Blinn, Kelly, and Head 1989, 24). Thus, forecasting future losses
by finding these patterns begins with deciding which of two basic patterns, “no change”
or “change in a predictable way,” applies. Under “no change” patterns, probability analy-
sis is particularly appropriate for forecasting losses; under “change in a predictable way,”
regression analysis is the better choice (Tiller, Blinn, Kelly, and Head 1989, 24).

Correlations

Correlation procedures are used indicate a measure of association (i.e., some relation-
ship between two or more variables (Horvath 1974, 252). If the correlation procedure
uses two variables, the correlation is said to be bivariate. In a bivariate correlation, one
variable is identified as the independent variable and the other the dependent vari-
able. The independent variable is that which one cannot change or influence while
the dependent variable is the characteristic that is influenced by the independent
variable. For example, a safety manager wishes to examine the relationship between
the number of hours of training attended and the number of accidents reported in a
year for employees in a department. For each employee, or subject, the number of
hours of training attended is collected and the number of accidents reported. In this
example, the independent variable is the number of hours of training attended and
the dependent variable is the number of accidents reported. The safety manager
reaches this conclusion because it is the number of hours of training that is expected
to influence the number of accidents reported. One would not expect the number of
accidents reported to influence the number of hours of training a person attends.
When calculating correlations, the independent variable is indicated as the “x” vari-
able and the dependent variable the “y” variable.

5

Trending and Forecasting
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The value of a correlation procedure, signified by r or the correlation coefficient, falls
along a continuum between -1.00 and +1.00 with 0 being the midpoint. As the corre-
lation approaches -1.00 or +1.00, the strength of the relationship increases. As the
value of the correlation coefficient approaches 0, the strength of the relationship weak-
ens. With a correlation of 1.00, referred to as a perfect correlation, for every change in
the value of the dependent variable, there is an identical change in the dependent
variable’s value. Along the ends of the continuum of correlation coefficients, negative
correlations are considered inverse relationships and positive correlation coefficients
are considered positive relationships. In an inverse relationship, as the value of the
independent variable increases in value, the dependent variable decreases in value.
In a positive correlation, as the value of the independent variable increases in value,
the value of the dependent variable increases.

A scatterplot is used to graphically represent data points in a correlation procedure.
The axes of a scatterplot are arranged so that the values of the independent variable
are plotted along the horizontal axis (x axis) and the values for the dependent vari-
able are plotted along the vertical axis (y axis). A data point on the scatterplot repre-
sents each subject. The placement of points on a scatterplot is achieved by locating
the value of the subject’s independent variable along the x-axis and the value of their
dependent variable along the vertical axis (y-axis). The point at which the two values
intersect on the scatterplot is the location where the point is placed representing that
subject. The same process is followed for all subjects for which the correlation will be
calculated.

Scatterplots graphically provide a representation of the correlation in terms of the
strength and direction (inverse relationship versus positive). Scatterplot A represents
a positive correlation. As the values along the horizontal axis increase, the correspond-
ing values on the vertical axis also increase. Scatterplot B on the other hand repre-
sents a negative or inverse relationship. As the values on the horizontal axis increase,
the corresponding values on the vertical axis decrease.

Figure 5.1. Positive and Negative Correlation Coefficients



77Trending and Forecasting

Scatterplots can also be used to depict the strength of the correlation or relationship
between two variables. As the correlation coefficient nears 0, it is referred to as “no
correlation” or “no relationship.” The points on a scatterplot tend to appear as a cloud
without a real pattern toward either a positive or a negative correlation. In Figure 5.2,
scatterplot A represents a weak correlation.

Moving away from the 0 in either direction, the strength of the association increases.
As the points on a scatterplot approach a straight line, the correlation coefficient ap-
proaches 1.00. Scatterplot B represents a strong negative correlation. Scatterplots that
range between a perfectly straight line and a circular cloud can then represent corre-
lations between 0 and 1.00. Scatterplot C can depict a moderate positive correlation.

Another measure for the correlation coefficient is the r2. Squaring the correlation coef-
ficient gives the researcher an indication of the amount of variability in the dependent
variable that can be directly attributed to the independent variable. This is referred to
as the coefficient of determination. For example, if a correlation coefficient of .75 was
obtained from a correlation procedure, then .752 or 56% of the variability in the depen-
dent variable can be attributed to the independent variable.

Pearson Correlation Coefficient

The Pearson Correlation Coefficient can be used to determine if a relationship exists
between two variables—both of which are continuous in nature. Examples of safety
performance data that can be analyzed can include the number of lost workdays for an
injured employee and the years of experience on the job, the concentrations of haz-
ardous materials in the air, and the number of visits to the nurses office, etc. In addi-
tion to the requirement for both variables to be continuous, the following additional

Figure 5.2. Strengths of the Correlation Coefficients
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assumptions must be met in order to use Pearson Correlation coefficient (Horvath
1974, 255–56):

Each case is independent of one another.

Each variable assumes a normal distribution.

Each variable is measured on either an interval scale or ratio scale.

Pearson Correlation Coefficient Procedure Formula

The following formula is used to calculate the Pearson Correlation Coefficient (Kuzma
1992, 200):
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Where:
r represents the Pearson Correlation Coefficient
S xy represents the sum of the product of the value for each y variable multiplied

by the value for each x variable
S x the sum of the x variables
S y the sum of the y variables
N the number of subjects in the sample

Pearson Correlation Coefficient Sample Problem

The safety manager for CJD Package Delivery wishes to determine if there is a rela-
tionship between the number of traffic accidents reported in month by delivery per-
sonnel and the number of deliveries made to Big City, USA. Over the past 12 months
data was collected to determine this. Since it is hypothesized that the number of de-
liveries to Big City influences the number of accidents, the number of trips is the
independent variable (X) and the number of accidents is the dependent variable (Y).
The data obtained is as follows:

Month Number of Accidents Y2 Number of Trips to X2 XY
Reported (Y) Big City, USA (X)

January 3 9 1 1 3
February 6 36 4 16 24
March 2 4 0 0 0

April 4 16 1 1 4
May 7 49 2 4 14
June 5 25 2 4 10
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Month Number of Accidents Y2 Number of Trips to X2 XY
Reported (Y) Big City, USA (X)

July 9 81 6 36 54
August 2 4 0 0 0
September 4 16 3 9 12

October 5 25 2 4 10
November 11 121 7 49 77
December 3 9 1 1 3

Total 61 395 29 125 211

Putting the numbers into the above formula, we get:

r =
-

-
È

Î
Í
Í

˘

˚
˙
˙

-
È

Î
Í
Í

˘

˚
˙
˙

=
211

29 61
12

125
29
12

395
61
12

93
2 2

( )( )

( ) ( )
.

Results indicate there is a strong positive relationship (r = .93) between the number of
accidents and the number of monthly trips made to Big City, USA.

Determining if the Correlation Coefficient is Significant

When the correlation coefficient calculated, the next step in determining whether a
relationship exists between the two variables is to determine if the value for the cor-
relation coefficient is significantly different from zero (the “no relationship” value).
To test whether the correlation coefficient is significantly different from zero, a t-test
is performed. The following formula is used to calculate t:

t
r

r
n

=
-
-

1
2

2

df = n - 2

Where:
t is the t-test value
r is the correlation coefficient
n is the number of cases from which the correlation was calculated
df represents the degrees of freedom

To perform a t-test on a correlation coefficient, one must determine the probability
of being correct when concluding that the correlation coefficient is significant. This
degree of chance or probability is referred to as the alpha level. A commonly used
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alpha level in statistics is .05. With an alpha level (a) of .05, there is a 5% chance of
being wrong when concluding that the correlation coefficient obtained is significant.

With the correlation coefficient calculated, the t-test is performed using the formula
above. When one tests correlation coefficients, one is testing the hypothesis that the
coefficient is significantly different from 0—in other words, that a relationship be-
tween the X and Y variables really does exist. Using the traffic accident data from the
previous example, the safety manager wishes to determine if the correlation coeffi-
cient is significant and accept a 5% chance of being wrong. The first step is to calcu-
late the t-test:

t =
-

-

=.

.
.

93

1 93
12 2

8 00
2

The next step is to determine if the obtained t-test value of 8.00 is significant. This is
done by using a t-table which can be found in any basic statistics book. To use the
t-table, the degrees of freedom are calculated. In this case, the degrees of freedom are
10(12 - 2 = 10). With the t-table, locate the column for a = .05 and degrees of freedom
(d.f.) = 10. The table for a two-tailed test indicates a value of 2.23. Since our obtained
t-test value of 8.00 is greater than the table value, we can conclude that there is a
significant correlation between the number of traffic accidents and the number of
trips to Big City, USA.

Regression

Regression (or “trend”) analysis can be used to identify patterns of change in loss
frequency or severity that may tend to move together with changes in some other
variable (such as time). These patterns can then be used to forecast future experi-
ences (Tiller, Blinn, Kelly, and Head 1989, 34).

Regression procedures allow a person to develop equations that can be used to pre-
dict the values of dependent variables from independent variables. In other words,
they allow a person to predict the number of injuries, near incidents, etc. (dependent
variables), from more certain and easily calculated variables such as time on the job,
worker training, etc. (independent variables). In a regression procedure in which losses
are correlated with time, the losses are considered the dependent variable since they
are influenced as time progresses, and time is considered the independent variable.

Before a regression equation can be developed, a correlation coefficient is first de-
rived. Then an equation for the line that best fits the data points is calculated. The
formula for the line that describes the regression is given by:

y = bx + a
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Where:
b is the slope of the line
a is the y intercept for the line

As is in correlations, “x” represents the independent variable and “y” represents the
dependent variable. The slope of the line is the rise of the line over the run. In order to
predict a new “y” variable from an “x”, plug the x into the equation and calculate the
expected y.

Figure 5.3 represents an equation for the line of y = .83x + 5. The slope of the line is
indicated by the fact that for every increase of 5 in y, there is a 6-step increase in x (in
other words, a slope of 5/6 = .83). The line intersects the y-axis at 5, therefore the value
for a is 5. To use the equation, one can plug values in for x to determine the expected
value for y. For example, to determine the expected value of y for someone that ob-
tains a score of 6 on the x measure, plugging into the equation yields:

y = .83(6) + 5 = 10.0 (see Figure 5.3).

Figure 5.3. Equation of a Line
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Procedure Assumptions

The assumptions for the regression are the same for those for Pearson Correlation
Coefficient:

Each case is independent of one another.

Each variable assumes a normal distribution.

Each variable is measured on at least the interval scale or ratio scale.

Procedure Formulas

The following formulas are used to calculate the equation of a line, y = ax + b (Cohen
and Cohen 1983, 41–43):

a
r Sdy
Sdx

=

b Y a X= -

Where:
r = Pearson Correlation Coefficient
Sdx = Standard deviation of x
Sdy = Standard deviation of y
X = mean of X
Y = mean of Y

Regression Sample Problem

Using the data from the traffic accidents and number of monthly trips to Big City,
USA, the safety manager now wishes to perform a regression procedure on the data.
To do so, a Pearson Correlation Coefficient is calculated and tested for significance
using the t-test as was done in the previous sections. Those procedures yielded a sig-
nificant correlation coefficient (r = .93, t = 8.00). The regression procedure should only
be used after a significant correlation has been established. The purpose of the regres-
sion is to be able to predict future outcomes—if a significant relationship between the
variables has not been established, using the variables to predict future outcomes
would be pointless. Using the traffic accident data, the following is performed:

Calculate the standard deviation for the X variable and the Y variable using the meth-
odology presented earlier in the book. The standard deviation for X = 2.24 and the
standard deviation for Y = 2.87.
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Calculate the means for X and Y using the methodology presented earlier in the book.
The mean for X = 2.23 and the mean for Y = 3.60.

Calculate the term “a” for the equation of a line using the using the methodology
presented in this chapter.

a = ¥ =. .
.

.
93 2 87

2 24
1 19

Calculate the term “b” for the equation of a line using the using the methodology
presented in this chapter.

b = - ¥ =3 60 1 19 2 23 95. ( . . ) .

The equation for the line in this regression problem is:

y x= +1 19 95. .

Using this equation, it is now possible to predict future values of Y (number of traffic
accidents) given a value for X (number trips to Big City, USA). For example, if there
were 20 trips scheduled to Big City, USA next month, how many traffic accidents would
one expect to be reported for the month?

y accidents= + =1 19 20 95 24 75. ( ) . .

Summary

Trending and forecasting are common techniques in the insurance industry. How-
ever, the ability to accurately predict expected losses is also an extremely useful tool
for the safety professional. If one knows where losses and accidents are likely to occur
in the future, and to what extent, control measure can be developed and implemented
to prevent such occurrences. The tools used in trending and forecasting include cor-
relation procedures, regression, and scatterplots. With the added use of inferential
testing of correlation coefficients and the ability to formulate a regression equation,
the safety manager has a degree of certainty about the predictions.

Chapter Questions

1. What does a correlation indicate?

2. What is a bivariate correlation?
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3. Draw a scatterplot that would be indicative of a strong positive correlation.

4. The following data was obtained from Company CJT. What is the Pearson correla-
tion coefficient?

Case Fire Losses Y2 Minutes for Fire Brigade X2 XY
(Y) to Respond (X)

1 $100 $10000 15 225 $1500

2 $200 $40000 26 676 $5200

3 $250 $62500 54 2916 $13500

4 $500 $250000 40 1600 $20000

5 $200 $40000 18 324 $3600

Sum $1250 $402500 153 5741 $43800

Std Dev $150 16.27
Average $250 30.6

5. A correlation procedure yielded a correlation coefficient of .89. What is the coeffi-
cient of determination and what does it represent?

6. What can a regression procedure be used for?

7. If a correlation equation yielded a correlation coefficient of .89 and the standard
deviation of X was .18 and the standard deviation of Y was .34, what is the equa-
tion of the line?

8. Using the information in Item 7, what would one expect for a value on Y if a value
of 6 was obtained for the X variable?

9. How is trending and forecasting used in a safety performance program?

10. What are the data requirements for the Pearson Correlation Procedure?



85

Proper presentation of data is an important step in data collection and analysis of
safety metrics. Data presentation methods include scatterplots, histograms, tables,
pie charts, and line charts. Examples of data that can be presented in the safety field
are numerous. They can include the number of injuries, accident rates, exposure
levels, safety activity levels, and so on. Proper uses of data presentation techniques
include matching the proper presentation format to the proper data format as well
as proper design and arrangement of chart and graph components. All of these aid in
the proper interpretation and analysis of the data. There are a variety of formats for
tables, graphs, and charts, depending upon their uses. One source for table and chart
formats is the American Psychological Association which is used by a number of safety
journals and publications. Some general guidelines to follow when developing tables,
graphs and charts include (American Psychological Association 1995, 140–41):

• The number of main points should be limited in any one table, graph or chart to
that which can be easily understood.

• To clearly identify the material, a title that describes the content as to the subject,
person, place, and time should always be included. Titles should be numbered.

• The body of the data must be arranged in meaningful intervals.

• The source of the information should always be identified, usually as a footnote.

Scatterplots

A scatterplot is a graph containing a cluster of dots that represents all pairs of obser-
vations (Witte and Witte 1997, 132). Each point on a scatterplot represents one case.
And the case appears on the plot in relation to its measure on two scales. Both scales
on a scatterplot represent variables. The variables used on a scatterplot are continu-
ous in nature, with the independent variable along the horizontal axis (x) and the
dependent variable along the vertical (y) axis.

As presented in Chapter 5, scatterplots can be useful in graphically presenting the
relationships between the variables plotted. The shape of the plotted data points can
show the strength and type of the relationship. When constructing a scatterplot, the
divisions along the x and y axes should be uniform and labeled. The plot itself should

6
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be labeled in terms of the variables presented and the source of the data. An example
of a scatterplot is presented in Figure 6.1.

Histograms

Histograms use continuous data and depict continuous scale data for subjects in the
sample or population. A histogram has two axes. Along the x-axis, the continuous
data measures are indicated. They may be individual scores or groups of scores. If the
horizontal scale represents groups of scores, each range must be of equal size. The
vertical axis (y axis) represents the frequency of cases in each of the horizontal groups.
Characteristics of a well-constructed histogram include (Witte and Witte 1997, 40):

1. Equal units along the horizontal axis (the X axis, or abscissa) reflect the various
class intervals of the frequency distribution.

2. Equal units along the vertical axis (the Y axis, or ordinate) reflect increases in fre-
quency. (The units along the vertical axis do not have to be the same size as those
along the horizontal axis.)

3. The intersection of the two axes defines the origin at which both weight and fre-
quency equal 0.

4. Numbers always increase from left to right along the horizontal axis and from
bottom to top along the vertical axis.

Figure 6.1. Sample Scatterplot
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5. The body of the histogram consists of a series of bars whose heights reflect the
frequencies for the various class intervals.

6. Adjacent bars in histograms have common boundaries.

Histograms are most often used to display information such as the distribution of
scores on a test. In the safety field, a variety of data lends itself well to the histogram,
including the distribution of dollar losses due to accidents for an organization, the
number of hours of safety training employees have attended, and the number of lost
workdays for a particular type of injury. Using the histogram to display this type of
information provides the safety manger with a graphical representation of the distri-
bution of the data. The graph can indicate if the data tends to cluster around various
points of the distribution or toward one end or the other. Comparisons between his-
tograms can provide the safety manager with information pertaining to any shifts in
experience—for example, if there a general decrease in the level of accidental losses
experienced by the company from one period to the next.

Line Charts

Line charts can be used make comparisons of groups of continuous data. Each line
represents a different group while the points on the lines represent the obtained values
for each measurement period. The horizontal axis represents a continuous variable,

Figure 6.2. Sample Histogram
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such as time, and the vertical axis represents the frequency data. When constructing
the line chart, each line should be distinct from one another and a legend should
indicate what each line represents. The horizontal and vertical axes should be labeled
and each should have equally spaced divisions along the measurement scales. Titles
should be provided for the axes indicating the form of the measurement and the units.
Finally, the chart should have a title describing the data represented in the chart. A
sample line chart is in Figure 6.3.

Tables

Tables are used to summarize frequency data arranged in rows and columns. Tables
are meant to supplement the text, not duplicate it (American Psychological Associa-
tion 1995, 125). Titles and when necessary, footnotes should be provided with the
tables. The title provides a clear meaning as to the information contained within and,
if appropriate, the source of the data and the time frame from which the data was

Figure 6.3. Sample Line Chart
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obtained. Footnotes may accompany the table to provide additional information
about the data and variables. Table 6.1 is an example.

Table 6.1. Summary of Losses by Department: 2002a

Losses ($) Percent (%)

Production $20,000 20
Human Resources $5,000 5
Engineering  $1,000 1
Maintenance $75,000 74

Total $101,000 100

aLosses are based upon paid insurance claims.

Bar Charts

Bar charts are used to make visual comparisons between two or more categorical
variables that have been measured along a continuum. For example, the number of
injuries by body part can be compared across departments using a bar chart. To con-
struct a bar chart, each category of data for which comparisons are to be made (in
this example the department in which the injury occurred) are represented by differ-
ent colored or shaded bars. Thus all of the bars from one department are the same
color or shade and can be readily distinguishable from the bars representing other
departments. The category for which the data was subdivided, in this example, the
type of injury by body part, is identified along the horizontal axis. Separating the cate-
gories allows for a comparison between type of injury as well as type of injury by
department.

In this example, the vertical axis represents the frequency of cases. An equal area of
the bar then represents each case. Therefore, a bar representing 20 cases would be
two times higher than a bar that represents 10 cases. Additional features of a bar chart
include a title indicating the source of the data and a legend that identifies the mean-
ing of the bars. An example of a bar chart appears in Figure 6.4.

Pie Charts

Pie charts provide a graphic representation of data in which the data comprises 100
percent of the sample or population. The wedges of the pie represent the subdivi-
sions of the data, with each slice labeled as to the category it represents and the per-
centage for which it accounts. When ordering the slices of pie in the chart, the seg-
ments should be ordered from largest to smallest beginning with the largest segment
at 12:00 (American Psychological Association 1995, 143). Figure 6.5 is an example.
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Figure 6.4. Sample Bar Chart

Figure 6.5. Sample Pie Chart
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Summary

An important part of improving safety performance is the ability for the safety pro-
fessional to effectively communicate to management and employees. Because safety
performance can be heavily weighted in quantitative measures, the safety manager
should be able to properly display data and the results of analyses so that the infor-
mation is conveyed clearly. Some of the more common techniques for displaying
performance measure data includes the use of tables, line graphs, bar charts, and pie
charts. Statistical information about the findings related to the population can also
be conveyed through the use of histograms.

Chapter Questions

1. What is a scatterplot used to represent?

2. What is the difference between the variable plotted along the horizontal axis ver-
sus the vertical axis on a scatterplot?

3. The following data was collected from Company CJD. Develop a histogram that
represents the data:

Subject Measurement

1 50
2 51
3 50

4 49
5 48
6 50

7 51
8 50
9 49

10 50
11 51
12 48

13 50
14 50
15 51

16 50
17 49
18 50

19 51
20 48
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4. The following data was collected from Company CJD. Develop a line chart that
represents the data:

Time Group #1 Group #2 Group #3

8:00 a.m. 3 2 2
9:00 a.m. 2 3 3
10:00 a.m. 3 3 3

11:00 a.m. 5 1 1
12:00 p.m. 4 4 4
1:00 p.m. 2 4 4

2:00 p.m. 1 5 5
3:00 p.m. 5 4 4
4:00 p.m. 4 2 2

5:00 p.m. 5 2 2

5. The following data was collected from Company CJD. Develop a pie chart that
represents the data:

Hand Injuries Back Injuries Leg Injuries

Number of Cases 13 36 4

6. The following data was collected from Company CJD. Develop a table that repre-
sents the data:

Group Production Quality Assurance Maintenance

Male Male Male
Female Female Female
Male Male Male

Female Male Male
Male Male Male
Female Male Female

Male Female Male
Female Male Male
Male Male Male

Male Male Female

7. What type of data are bar charts typically used to represent?

8. What type of data are line charts typically used to represent?

9. When developing a table to present data, what are some general guidelines for
developing the table?

10. When developing a line chart to present data, what are some general guidelines
for developing the chart?
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A safety metrics program requires the same managerial support and organization as
any other type of activity in the workplace. Like these other workplace activities, a
key component of the metrics program includes a structured management system
necessary for the development and implementation of the program. The manage-
ment system should establish the program leadership and methods for establishing
accountability. Implementing the program involves identifying safety measurement
needs, developing program objectives and the processes for implementing the pro-
gram, determining corrective action, and ensuring follow up.

Leadership

Developing effective leadership can provide the following benefits (Simmons 1997, 273):

• managers at all levels providing a more strategic approach to planning improve-
ments

• managers increasing their ability to overcome resistance and encourage the whole-
hearted involvement of people in continual improvement activities

• employees contributing their energy and commitment more willingly to the aims
of the organization

• individuals improving their performance when working in teams and project
groups

• better relationships between customers, suppliers, and people in other departments

Effective leaders have understood that their job is to lead a process of systematic orga-
nizational transformation. To be fully effective, this process of organizational trans-
formation, must tackle three areas (Simmons 1997, 273):

(1) Managing the future in a turbulent environment: This situation cannot be resolved
without management involving people at every level of the enterprise in plan-
ning how to manage the future. People need to understand and ‘appreciate’ what
is happening, feel a part of a process for managing it, and share a unifying sense
of direction to guide them through the uncertainty. Creating opportunities for

7
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everyone to align their personal goals with the organization’s goals, and then plan-
ning together how to get there has become an essential component of effective
transformation.

(2) Improving productivity and quality: This has become a priority for any enterprise
wishing to survive in the world of international competition. People, as custom-
ers, are exercising increasing judgment about the products and services they buy
and receive, and they will only favor those that reach the very highest standards.
Moreover, every corporation throughout the world is looking systematically at
how to produce ‘more for less’, and, therefore, finding ways to improve productiv-
ity is a necessity for everyone.

(3) Building an ‘inclusive organization’: The most important asset remaining untapped
in many organizations is the huge reservoir of ability in its people. They must
begin to build an ‘inclusive organization’, which is one which reaches systemati-
cally to ensure that everyone is included, that everyone’s contribution is valued
and that difference is embraced as an asset rather than a limitation.

In pursuing these goals, leaders will focus their organization on three key activities
(Simmons 1997, 274):

(1) enabling everyone in the enterprise to develop a shared vision of the future and
planning how to achieve it

(2) developing a culture of innovation and continual improvement towards all prod-
ucts and processes

(3) taking positive action to enable everyone, at all levels, to contribute their full poten-
tial towards the vision and their own work

Accountability

Accountability consists of four parts: people, time, milestones, and formality (Pierce
1995, 127). To make someone or a group accountable for a task or responsibility, one
must first identify that person or team. Second, one must set an agreed upon a time
or date for task completion. Third, if the task will take a long time, is complex, or the
person or team is on a learning curve, milestones should be set—times or dates along
the path toward completion where progress is tracked. Finally, and very importantly,
there must be a formal system, including a written objective, a person charged with
the objective, and written targeted completion dates and milestones.

In an effective safety and health program, everything is formal and interwoven together:
vision, mission, planning, goals, objectives, accountability, participation, training, com-
munication, and rewards (Pierce 1995, 127). There must be a tie-in to the performance
management system because without a reward system, accountability is tough to main-
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tain. The safety performance program must be tied to the performance management
system the organization uses to measure and reward employees by their pay.

Collaborative Process

The development of performance measures requires a collaborative effort from vari-
ous levels of the organization, as well as personnel from different departments, such
as safety, environmental, finance, personnel, maintenance, and engineering. The in-
puts the various departments can provide include appropriate benchmark levels,
validity of performance measures, data needs (such as methods for obtaining data,
available data, and data collection means), audit procedures, and evaluation tech-
niques. Input from the various departments can be useful in determining available
sources so that duplication does not result in wasted time and money.

Collaboration does not have to end with personnel and departments within an orga-
nization. When establishing performance measures, techniques used by other facili-
ties within the company or industry can lend valuable insight into methods already
in use. These techniques may be available from the companies or from professional
organizations. The positive results from a collaborative effort include minimal dupli-
cation of work and a broader perspective of what should be measured as well as the
steps involved in collecting and analyzing the information.

Defining Organizational Processes

A thorough understanding of the organization and its processes is necessary in order
to develop meaningful objectives and goals. These processes should be defined in
operational terms and these terms should be used in the objectives and goals. Use a
collaborative, team approach to define a process. Team members with diverse organi-
zational responsibilities can provide a more objective outcome and precisely defined
process. Flowcharting should be used to indicate key components of the process and
their respective roles. (The process flow chart is the primary tool for analyzing the pro-
cess to determine whether there are deficiencies [Juran and Godfrey 1999, 411]). With-
out a properly defined process, difficulty arises when trying to assess performance in
the safety metrics program.

Measurement

For each of the components of the program to function properly, the proper data
must be identified and collected. Valid and reliable data are the foundation for an
effective metrics program. Data necessary to measure safety performance must be
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identified, attainable, and relate back to the overall program goals and objectives.
“One of the areas most often forgotten or misapplied in managing goals and objec-
tives is measurement” (Pierce 1995, 129).

For the safety performance to improve in the workplace, interventions must be based
upon sound information that begins with the measurement process. Proper mea-
surement and collection of safety metrics requires employees to be motivated to keep
abreast as to where the safety program stands with regard to the goals that have been
set. Employees in the organization should be held accountable for collecting the neces-
sary measurements for the metrics program. Measurement activities should be estab-
lished to ensure validity and reliability of the data. Inconsistencies in the measure-
ment will lead to invalid data, improper conclusions, and incorrect corrective action.

Resources and Documentation

In order to develop and maintain a safety metrics program, various resources must
be identified. These resources include data sources and measurement techniques. If a
more traditional approach to measuring safety performance is utilized, such as acci-
dent and injury rates, the data should be available and if not, part of the metrics pro-
gram should involve the procedures for collecting the data and collating it at a cen-
tral location for analysis.

Documentation may include the procedures for the collection, analysis, and compi-
lation of the measurements. Benchmarks, the comparisons of the measurements to
the benchmarks, and the follow-up required by those results, should be included in
the documentation. Additional resources may include financial and personnel resources
needed to make the program work. Complex measurement and analysis programs
may run into problems if adequate personnel and financial resources are not made
available.

Documentation requirements can include the procedures developed to implement
the program, training program goals, safety standards, and blueprints and diagram
for processes used in a facility. In the initial stages of the program development, an
accounting of necessary documentation should be addressed.

Data Collection

When developing the objectives for the safety performance program established, the
data needs should be identified. Data concerns that should addressed early involve
determining if the data needed for the performance measures exist and if so, is the
data reliable and readily available. Also, in order to measure a safety performance
objective effectively, more than one measure may be needed. It is best to use a variety
of measures to ascertain performance rather than just one. Multiple measures pro-
vide a better picture of the true status of the safety performance.
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The data as discussed earlier should also have the characteristics of being valid and
reliable. To be considered valid, the data has been tested and found to measure what
it is intended to measure. For the data to be considered a reliable measure, the data
reflect consistency in the measures.

Procedures for the collection of the data should be developed and documented. Per-
tinent information as to how the data is recorded, when it is documented, and the
frequency at which the data is collected is an important aspect of the data collection
process. A procedure that infuses consistency over time in the data collection pro-
cess will generate better comparisons, thus allowing the safety manager to draw more
meaningful conclusions.

There are a variety of data collection systems available to the safety manger in the
workplace. Some of these data collection systems include direct measurement, indi-
rect measurement, statistical samples, and interviews (Czarnecki 1999):

1. Direct measurement systems are usually used when there is a unit of production
or an event that is captured in an automated system such as a computer. The
count is very reliable because it counts events that are actually happening.

2. Indirect measurement systems are used when the actual data is not collected at the
time the event occurs. This indirect method is usually not as good as the direct
method because it depends heavily on the accuracy of the alternate data source.

3. Statistical samples can be used to develop estimates where whole data is incom-
plete. In the event that there are a large number of transactions for which there
are no summaries, it may be necessary to perform statistical sampling to deter-
mine an approximate measure.

4. Interviews or surveys to gather metric information are used as a last resort. Some
companies have resorted to face-to-face interviews to determine measurements
when other sources were unavailable. Interviews are most helpful when the mea-
sures are perceptual, but keep in mind that perceptual measures contain inher-
ent imprecision and bias.

Coordinating Measures

General guidelines for identifying data needs and developing the data collection tools
can be developed depending upon if the data required to support the measurement
already exists (Training Resources and Data Exchange [TRADE] 1995, 1-19). If data to
support the performance measure already exists, then the development of the data
collection system consists of documenting the data source, defining the procedures
for retrieving the data, and reviewing the data for potential inconsistencies. If addi-
tional data needs are identified, then they should be addressed.
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If data to support the performance measure does not exist, then a process of defining
the data required as well as creating a consistent and verifiable system to input and
store data should be addressed. Accountability for this new data source should be
addressed by identifying the person responsible for collecting the data, and defining
processes for the collection and processing should be thorough and documented.

Summary

Safety performance programs require the same level of planning and resources as
other management programs. Critical characteristics of an effective safety performance
program include leadership, accountability, and collaboration. A team approach to
safety performance and the safety program is necessary for any program to function.
Resource needs, documentation, and data requirements should be addressed early
in the planning stages of the program.

Chapter Questions

1. Provide three examples of benefits that effective leadership can provide a safety
metrics program.

2. Describe three activities leaders should focus an organization on.

3. Describe the four parts of accountability.

4. Define collaboration.

5. What are the basic requirements of the data used in a performance program?

6. Provide some examples of resources that can be used to collect information per-
taining to safety performance.

7. Describe some major downfalls to a safety performance program with regards to
data.

8. Characteristics of ideal data that can be used in a safety performance program
include:

9. Describe four different types of measurement systems.

10. Describe the overall framework for a safety metrics program.
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Benchmarking is an ongoing process of measuring one company’s safety performance
against that of competitors or organizations that are recognized as industry leaders.
The benchmarking process requires an organization to identify other organizations
that are considered best in their field, identify what makes the others the best, then
work to attain that same level through a continual improvement process. In other
words, benchmarking is simply learning what other programs and organizations are
doing to be successful and using some of those successes in one’s own program or
organization (Pierce 1995, 176).

Benchmarking serves as a measuring stick for the organization by identifying those
organizations that are viewed as the best. Benchmarking can also be used to identify
areas of weakness and assist in prioritizing program improvements. Finally,
benchmarking provides a mechanism for continuous improvement. It serves as a stan-
dard toward achieving and maintaining excellence in the program or organization
(Pierce 1995, 179).

When benchmarking safety performance, the safety manager identifies the organi-
zations that can be considered the leaders in terms of various safety performances.
One should keep in mind that while one organization can be considered the best in
terms of lost workday cases, another company can be considered the best in another
aspect of the safety program. The overall purpose and intent of benchmarking can be
summarized as the (Holloway, Lewis, and Mallory 1995, 128):

• Development of an understanding of the fundamentals that create business suc-
cess, based on an objective measurement of relative performance (both real and
perceived) against relevant companies, in areas involving critical business processes.

• Focus on continuous improvement efforts, based on an ongoing analysis of the
essential differences between similar processes in comparable businesses, and of
the underlying reasons for these differences.

• Management of the overall change process and of the individual changes involved
in achieving the improvements, based on the development and implementation
of action programs to close the gap between a company and the ‘best-in-class’
companies with the most relevant key performance variables.

8

Benchmarking



100 Safety Metrics

Benchmarking can readily be applied to the safety function in an organization. A struc-
tured approach should be followed for selecting measures for which the benchmarks
are based. Examples of benchmarks in safety include outcomes-based measures such
as accident rates and losses and performance-based measures such as the imple-
mentation of a hazard recognition program or employee training programs. Prior to
making changes in the workplace, the safety manager must carefully select the proper
performance measures that are indicative of the benchmarks established. For example,
a safety manager has been experiencing a high frequency of back injuries in the facil-
ity and decides to establish a benchmark for the company for this area of the safety
program performance. The safety manager obtains accident data from a variety of
other organizations related to their back injury experience and information pertain-
ing to the accident prevention activities that the companies engage in to control back
injuries in the workplace. To effectively reach the benchmarks, the safety manager must
decide if the activities the other organizations are engaged in are adequate or if there
are other activities that should be implemented that are unique to the company (e.g.,
material handling hazards). The safety manager must then develop performance
measures for activities in order to determine if they help to reach the benchmarks.

Defining Safety Benchmarks

Benchmarking can be undertaken in almost any area of business and organizational
endeavor, including safety performance. The basic requirement is that key perfor-
mance variables are identified, measured, analyzed, and compared to provide a basis
for planned performance improvement. An optimum benchmark can be character-
ized by the following (Holloway, Lewis, and Mallory 1995, 134):

1. The benchmark should be measurable in terms of cost, time, value, or some other
quantitative parameter.

2. The benchmark should be meaningful and relevant.

3. Benchmarks that use simple performance measures are often the best and the
most easily accessible.

4. The benchmarks should be available in external and competitive environments.

5. If an actual external measure cannot be obtained, a well-founded estimate should
be used as a substitute.

In many companies, such safety performance variables are found internally through
accident reporting and safety recordkeeping. The safety manager needs to identify
those measures that are key to safety performance success. The key is to be clear about
the needs and what it is important to improve. Overall, there are four different types
of benchmarking that a safety manager can use: internal, functional, competitive,
and generic (Holloway, Lewis, and Mallory 1995, 129–30).
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Internal benchmarking is done within an organization and typically between closely
related divisions, similar plants or operations, or equivalent business units, using
common or shared performance parameters as a basis for comparison. Because of
the relative ease of starting a new activity internally, the lower resource implications,
and the higher assurance of gaining cooperation, this is the area in which many orga-
nizations choose to start benchmarking activities. This is valuable in gaining initial
knowledge, experience and commitment, but is limited to internal criteria only. Ex-
amples of internal benchmarks for safety include accident data and activity mea-
sures such as training programs completed and hazard surveys conducted.

Functional benchmarking is a comparison of performance and procedures between
similar business functions, but in different organizations and industries. It represents
a more positive approach than internal benchmarking by being externally focused.
However, in relating only to specific functions, it may not be of wider benefit in other
areas of the organizations concerned. Functional benchmarks for safety could involve
making comparisons to different organizations and industries in terms of lost work
days, recordable injuries, and workers’ compensation losses.

Competitive benchmarking generally focuses on direct competitors within the same
industry and with specific comparable business operations, or on indirect competitors
in related industries (perhaps key customers or suppliers) having complementary
business operations. There are often practical difficulties with sourcing information,
and activities may be limited to arm’s-length comparisons.

Generic benchmarking is undertaken with external companies in different indus-
tries, which represent the ‘best-in-class’ for particular aspects of the selected safety
measures.

Benchmarking Process

The benchmarking process involves comparing a company’s safety experiences with
other companies and organizations. Organizations use the performance results from
others to define their benchmarks and strive to meet those levels. Best practices in
benchmarking can be set, at each stage, by posing four fundamental performance
questions (Holloway, Lewis, and Mallory 1995, 129):

• Are we performing better than we ever have?

• Are we performing better than other plants or business units in the company?

• Are we performing better than our competitors?

• Are there any other industries that are performing well and from whom we can
learn?

Benchmarking can be defined as a six-part process. They are surveying, identifica-
tion, prioritization, developing a plan, implementing a plan, and follow-up (Pierce
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1995, 177–78). These steps in the benchmarking process are described in detail in the
following sections.

Surveying: The first part in benchmarking is surveying “front running” programs
or organizations. There is a critical need to identify the programs or organizations
that are truly front running. Once front-running organizations or programs are
selected, the sites are visited or telephoned to see how they operate. A survey is
used to gather information and determine how other safety programs operate.

Identification: The second part of benchmarking is identifying the complemen-
tary solutions used by the target organization or program. The solutions are only
“complementary” because the purpose of benchmarking is not to build a replica
of the target.

Prioritization: Part three of benchmarking is prioritizing the “growth opportuni-
ties” from the list of complementary solutions. This step involves determining
where the safety program weaknesses exist.

Develop a Plan: Develop a plan to achieve growth. The plan can be used to iden-
tify the areas to pursue.

Implementing the plan: This step involves the implementation of the plan that
has been developed.

Follow-up: Benchmarking is a dynamic process. Once the plan has been imple-
mented, the next step is the ongoing aspect of the process, the follow-up. At regu-
lar, scheduled intervals, resurvey, reprioritize, refine the plan, and redirect the
implementation.

Motorola Corporation has developed its five-step benchmarking plan. This plan con-
sists of the following steps (Hodgetts 1998, 196):

1. The topics that are to be benchmarked are identified.

2. The approach to be used for gathering data is determined.

3. Benchmarking partners who are the best in terms of the functions and processes
being studied are identified, and a partnering agreement is formulated for the
mutual exchange of information.

4. The benchmarking partner’s approach is carefully studied in order to answer two
questions: What enables them to be the best? How do they do it?

5. An action plan is created for both analyzing the data and implementing follow-
up action.

Continuous Improvement Process

Benchmarking uses total quality management principles to integrate safety manage-
ment techniques, existing improvement efforts and technical tools into a disciplined
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approach focused on continuous improvement. Continuous improvement is essential
in increasing safety performance and alleviating waste of employee time and com-
pany resources (Kaufman, Thiagarajan, and Sivasailam 1997).

An underlying premise of continuous improvement process can be depicted in terms
of the classic plan-do-check-act (PDCA) management cycle. This PDCA cycle can also
be found as a management strategy in various ISO standards, including ISO 9000.
With this strategy, the following steps are implemented as a means for meeting this
continuous improvement (Juran and Godfrey 1999, 41.3–41.4):

• Plan objectives for quality safety and the methods to achieve them

• Do the appropriate resource allocation, training, and documentation

• Check to see if the things have been implemented as planned, objectives are being
met, and the objectives set are relevant to program needs

• Act to improve the system as needed

Benchmarking Pitfalls

Some of the major pitfalls identified with benchmarking include the costs associated
with its implementation, the lack of predictive power, the potential difficulty in obtain-
ing information for which to benchmark against, and a significant lag time between
implementation and results.

Compared with other types of analysis techniques, benchmarking does not have any
predictive power to anticipate future performance, results, or benefits (Holloway, Lewis
and Mallory 1995, 148). Although great care may have been taken in the analysis of
other companies and the activities they developed to reach certain performance levels,
there is no guarantee that those same activities will yield the same results in another
organization. The differences may be due to a number of reasons, including a per-
ceived cause and effect between performance and the activities that really does not
exist, differences in the organizations’ safety climates, and differences in the expo-
sure levels to various hazards in the workplace.

Costs have also been identified as a potential problem with benchmarking. When
done properly, the benchmarking process requires a substantial amount of time and
resources analyzing other companies’ data and activities, developing and implement-
ing new activities in the workplace, and the ongoing continual improvement process
of data collection, analysis, and modifications.

A third area that can become a problem for benchmarking is the availability of valid
data from other organizations. In order to establish effective benchmarks, one must
know the performance levels of other organizations. It may be difficult to obtain the
necessary data from other companies, and if it is obtained, comparisons may be dif-
ficult due to differences in measurements used across industries.
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Fourth, the benchmarking process requires a considerable amount of time from when
the decision is made to benchmark to when measurable results are realized. As with
any safety program activity designed to improve performance, the results of the perfor-
mance may not be evident for some time. In the case of measuring activities designed
to increase the workers’ use of personal protective equipment, results may be evi-
dent in a relatively short period of time following the implementation of the pro-
gram. Supervisors can go out to the production areas and observe worker perfor-
mance. However, in the case where the activity is supposed to reduce the number of
recordable injuries, the lag time may be a year before the decrease in cases can be
substantiated.

Summary

For safety performance to improve, the safety manager must establish goals.
Benchmarking is the process through which the organization identifies the best safety
performing companies and strives to meet or exceed their performance levels. Con-
tinual improvement is the process through which benchmarking can be used to im-
prove performance. While it can be a time and resource-consuming process,
benchmarking is a successful and worthwhile endeavor for a variety of organizations.

Chapter Questions

1. Define the term “benchmarking.”

2. What functions does benchmarking serve for an organization?

3. An optimum benchmark can be characterized by what qualities?

4. Differentiate between internal benchmarking, functional benchmarking, com-
petitive benchmarking, and generic benchmarking.

5. Describe the six steps in the benchmarking process.

6. Describe the “continuous improvement process.”

7. Describe the PDCA management cycle.

8. Describe some disadvantages to benchmarking.

9. Describe the five-step benchmarking process used by Motorola Corporation.
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In order to monitor the success of a safety program, both a successful auditing pro-
gram and quality safety metrics are needed because audits are another technique
used in the evaluation and data collection process of the program. An audit or inspec-
tion is the monitoring function conducted in an industrial organization to locate and
report existing and potential hazards, or man-environment systems or conditions, that
have the capacity to cause accidents or illnesses in the workplace (Petersen 1998).

The audit process in a safety program helps improve a firm’s overall safety performance
by identifying and eliminating potential hazards. As part of the safety performance
improvement process, safety audits are a method of obtaining data with regards to the
current status of the safety program. Information obtained from safety audits include
the extent to which hazards are present, the identification of newly discovered prob-
lems that may affect the organization’s ability to meet performance objectives, and
conformation of work practices and their relationship to the organization’s proce-
dures. Data obtained from the safety audits can then be used to quantify current per-
formance and determine if the safety performance is meeting the desired goals and
benchmarks. As is the case for other methods designed to measure performance in the
workplace, safety audits must also possess the characteristics of validity and reliability.

Compliance of the safety process to laws, regulations, and company policies and pro-
cedures is measured effectively by audits. Self-audits can be effective, if done with objec-
tive honesty. More than 85 percent of employers in a recent Occupational Safety and
Health Administration survey said they conduct voluntary self-audits of safety and
health conditions in their workplaces (IIE Solutions 1999, 12). With a 60% increase
over an 18-year period in the number of organizations indicating they conduct audits,
nearly 90 percent of the respondents indicated they had conducted an audit in the
past 12 months (IIE Solutions 1999, 12). Reasons for conducting these audits include
the need to reduce accidents, to do what is considered right for worker safety and
health, and to ensure OSHA compliance. Additional motivators for organizations to
conduct audits include decreases in injury rates, improvement in insurance rates,
and mitigating fines from OSHA violations.

9

Auditing Safety Performance
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Types of Audits

Audits can be classified a number of ways. One method of classifying audits is by the
relationship of the auditor to the organization. If the auditor is from within the organi-
zation, the audit is considered internal. If the auditor if from outside the organization,
the audit can be considered external. Internal audits are any organization-initiated
hazard survey, inspection, or job observation. The criteria for the audits, audit pro-
cess, and use of the information all begin within the organizational structure. Exter-
nal audits are initiated and performed from outside the organization. Examples of
external audits include OSHA inspections, insurance company inspections, and any
other jurisdictions that may have the authority to inspect a company. Regardless of
the type of inspection, both provide valuable information to the organization and
both can be used in the performance evaluation of the company. In some situations,
the external audits may be weighted more heavily in terms of safety performance
measure partly because of the potential impact the findings may have on an organi-
zation (i.e., fines and violations) and because the auditors may be considered more
objective since they are external to the company.

The second method for classifying audits is in terms of their frequency of conducting
them. Additional classes of audits are planned, unplanned, and continuous (Daugherty
1999, 137). Planned audits occur periodically in the organization on a schedule that is
known to the company. Unplanned audits occur with no prior announcement to the
organization. Planned and unplanned audits serve different purposes. Planned au-
dits serve to guide a program’s development and determine how activities are func-
tioning and being implemented. Unplanned audits are most commonly used in the
enforcement of safety and health regulations. Unplanned audits are used to deter-
mine if the company is doing what is expected of them at all times.

Audit Personnel

Management has the ultimate responsibility for auditing, but should get as many
people involved as practical in the auditing process. Foremen, supervisors, safely com-
mittee members, safety engineers, and plant managers are all potential inspectors.

To ensure the audit process produces valid and reliable information, several aspects
of an audit program should be developed. The audit process may require the auditor
to make judgment calls with regards to the status of a work condition. To provide
some degree of consistency in the conclusions reached about a situation among audi-
tors, auditing procedures, scoring criteria, and auditor training and practice should
be part of the audit program. Auditing procedures can aid in data quality improve-
ment by establishing guidelines pertaining to the items that are addressed in an audit
and the frequency of audits. Scoring criteria should be established to improve the
reliability of the audit instrument. A hazard identified by one auditor should receive
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the same score when found by another auditor. Auditor training and practice will
also be beneficial in improving consistency among auditors.

Constructing Audits

The manner in which the audit instrument is constructed will obviously have a signifi-
cant impact upon the audit program and the results. The instrument must be designed
in a manner that will solicit valid and reliable results. The validity of the instrument is
an indication of how well the instrument is measuring what it is supposed to be mea-
suring. For example, if an audit instrument is intended to measure the organization’s
compliance with fire protection requirements, then the instrument should be evaluat-
ing those areas of the organization that are indicative of fire protection compliance. 

Another key characteristic of the audit instrument is that of reliability. If an instrument
is reliable, it should provide the same results when administered multiple times at the
same time. A key factor that can influence the reliability of the audit instrument is the
auditor completing the instrument. If two auditors using the same instrument and the
same time complete an audit, one would expect to obtain the same findings. Factors
that influence how one auditor may obtain results that are different from another in
this situation include the wording of the audit items, the instructions provided, and
the auditor training and understanding of the audit process.

Companies can define the scope and focus of the audit in terms of organizational,
geographical, functional, and compliance contexts (National Safety Council 1997, 102).
These boundaries include departments within the organization, activities, and safety
areas such as fire protection, industrial hygiene, and machine guarding. The audit
instrument should provide the auditor with a thorough understanding of the scope
of the audit process. This would ensure that areas that need to be addressed are not
bypassed. The audit protocol is the auditor’s plan to accomplish the objectives of the
audit (National Safety Council 1997, 107). The protocol provides the auditor with in-
structions on the locations to audit and the areas that should be addressed. Descrip-
tions of the situations that indicate compliance and non-compliance with the audit
protocol should be included with the audit items.

Linking Audits to Performance Measures

A key characteristic of an audit that is seldom examined is the link between audit
performance and safety performance in the workplace. For example, if the objective
of an audit is to evaluate accident prevention strategies in the workplace, then there
should be some type of correlation or relationship between performance in the audit
and accident history. All too often, audits are developed and items appear on them
because they should be a part of the safety program, when in actuality some activities
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that are commonly part of a safety program may not have any relationship with acci-
dent involvement. Suppose a company meets all of the requirements of the audit
over a period of time and the safety performance worsens. This does not mean that
the safety activities are increasing accident rates. More likely, it means that the items
being evaluated through the audit are not influencing accident prevention. Incorrect
linking of audits to accident and safety performance sends management the wrong
information. The audits may indicate that safety program is working when it really
may not be, or areas of the safety program that appear on the audit may be working
but may not be measured by the safety performance metrics.

The objective in making and using an effective audit tool for the purpose of measur-
ing safety performance is to determine the correlation between the audit, its indi-
vidual items, and the safety performance measure.

Audit instruments can be evaluated on the basis of three different types of validity when
linking the audit to safety performance. These are content-related, criterion-related,
and construct-related procedures for accumulating evidence of validity (Anastasi
1988, 139). Content-related validity involves the examination of the audit content
to determine whether it covers a representative sample of the behaviors to be mea-
sured. Criterion-related validity procedures indicate the effectiveness of an audit in
predicting performance in specified activities. The performance on the audit is
checked against a criterion that is considered a direct and independent measure of
what the audit was intended to measure. The third type of validity, construct validity,
is the extent to which the audit is said to be measuring a theoretical construct or trait.
Construct validation requires accumulation of information from a variety of sources.

The Audit Process

The audit process consists of collecting information about the physical conditions of
the workplace as well as the safety performance. The most important aspect of the
audit process is the action that is implemented following the audit. If the results from
the audit indicate that performance is below expectations, then action needs to be
taken. All too often, the audit process ends at the collection of the information with
no further action, thus making the audit process useless.

A follow-up or deficiency tracking system should be devised so that appropriate per-
sonnel may be held accountable. Assign a tracking number to each deficiency and
record the date, location, and a brief description of the finding. What is the appropri-
ate OSHA standard for corrective measures? Record its hazard rating by potential
consequence and probability. List the corrective action required, step-by-step. What
is the estimated cost of correction? When was it corrected? How much did it actually
cost to correct?

Once the audits have been completed, it is equally important to disseminate the results
of the audit findings to the organization. Again, to make the audit program effective as
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possible, those that may need to take action or monitor the safety performance in the
organization need to know the results of the audit process.

A third important component of the audit process is the performance indexing of the
audit results. The task of performance indexing requires the results of the audit to be
quantified in a manner that allows for comparisons against performance benchmarks.
While the actual audits may identify the number of unsafe actions performed by per-
sonnel during an observation period, the raw numbers are really meaningless until
they are placed in a context which is comparable to an established index. The perfor-
mance indices established from an audit can include the percentages of unsafe acts
performed, the frequencies of hazardous conditions identified, or the accident rates
for a period of time to name a few.

In summary, successful auditing programs begin with a structured process of collect-
ing data by qualified personnel. The data collected from the audits must be orga-
nized in a manner that will allow personnel to make judgments about the status of
the safety program and make comparisons against established acceptable levels of
performance. Finally, the most important aspect of the audit program is the follow up.
The purpose of the program is a mechanism for improvement; therefore, the decisions
made and corrective actions following the audit will ultimately determine the suc-
cess of the program.

Potential Problems with Audits

While audits and the audit process can be a very effective tool for collecting informa-
tion and evaluating safety performance, they can also pose some potential problems
for an organization. Some examples of potential problems with audits include
(Daugherty 1999, 136):

1. Can be construed as faultfinding

2. May produce only a superficial laundry list

3. May produce no remedial actions

4. May produce only inadequate remedial action

Audit programs require the same key elements as any other safety program activity.
These four elements include top management commitment, a humanistic approach
towards employees, one-on-one contact, and the use of positive reinforcement
(Petersen 1998). Studies however, have found that most safety audit programs have
top management commitment but are lacking in the other three areas (Petersen 1998).
If lacking in these areas, the safety audit program may not meet the needs for which it
is intended. The shortcomings include missing problems areas where they do exist
and focusing on areas where problems do not exist (Emery and Savely 1997, 39). As a
result, audit programs may be failing to provide sufficient feedback for program im-
provement.
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Benefits of Audits

Audits and the auditing program provide a variety of benefits to the safety program.
Some direct benefits of an audit program include:

• They provide data for the purpose of evaluating the safety performance in a com-
pany.

• They provide the safety manager with an indication as to the current status of
activities in the workplace.

• When properly implemented, they serve as an objective means for evaluating the
safety program against established benchmarks.

Some indirect benefits of the audit program include:

• The auditing program communicates management’s commitment to safety.

• The audit program provides a means for employee involvement in terms of the
actual conduct of the audit and in terms of allowing employee input during the
audit process.

Summary

Auditing is one process a safety manager can use to collect data for the safety improve-
ment program. The audit process has been used extensively in the safety field for
years; however, some research has suggested safety managers should carefully scru-
tinize the development and implementation of a new program. Rather than going
through the facility with a checklist, marking off items and filling in the sheet, a safety
manager should realize the importance of the role the audit process fills in collecting
data for measuring performance.

Chapter Questions

1. Describe the purpose of the auditing process in a safety performance measure-
ment program.

2. Describe three areas that audits can be used to obtain data for a safety metrics
program.

3. Describe three purposes an audit can serve for an organization.

4. Differentiate between a planned audit and a continuous. What are some examples
of each.

5. For an audit program, describe some personnel factors one should address when
implementing such a program.

6. Describe some characteristics a good audit instrument should follow.
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7. Differentiate between the validity of an audit instrument and its reliability.

8. Describe some problems that can arise if the audit is not properly linked to the
organization’s performance.

9.  Describe the importance that follow-up action has in the audit process.

10. What are some benefits and problems with audits and the audit process?
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Many organizations view safety not only as a method for protecting people’s lives and
property but also as a means for achieving and maintaining financial objectives. There
are a number of safety metrics that can be used to evaluate and monitor the financial
impact that the safety program is having upon the company. While counting acci-
dents and injuries is a common method of evaluating the protection of employees,
financial accounting of losses and insurance costs are valid methods for measuring
the safety performance in terms of financial performance. Using financial measures
of insurance losses, claims, and expenses is also a common method of quantifying
safety performance. These measures can be tracked over time and as safety and loss
control efforts are directed toward these losses, an indication of their effectiveness
can be ascertained.

Insurance Terms

Before it is possible to begin using insurance expenses, losses, and costs as measure-
ments of safety performance, a clear understanding is needed as to what the terms
used in the insurance industry mean. Some of the more common terms used in the
insurance industry and loss control include the following (Rupp 1991):

Experience rating modification factor: The experience rating modification fac-
tor attempts to reflect an insured’s actual losses in relation to the same insured’s
premium. A factor is a number applied to the manual premium to either increase
or decrease the insured’s final premium. A retrospective plan modifies the premium
after the policy period or after most of the policy period, while a prospective plan
examines prior periods, such as the last three years, to produce a premium.

Interstate Experience Rating: A multi-state experience rating program developed
by the National Council on Compensation Insurance for employers with multi-
state operations. The experience of all the states is combined to determine the
employer’s experience modification.

Manual Premium: The premium developed by multiplying a published workers’
compensation employee classification rate by each $100 of payroll for that employee
classification.

10

Insurance Rating Systems
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Modified Premium: The manual premium developed for an employer multiplied
by the employer’s experience modification.

Loss Ratio: The loss ratio is a formula used by insurers to relate loss expenses to
income. Formula: (incurred losses + loss adjustment expenses) earned premiums.

Expected loss ratio: A formula used by insurance companies to relate expected
income to expected losses. The formula for the expected loss ratio is (expected
incurred losses + expected loss adjusting expense) expected earned premiums.

Experience Modification Rate

Common measures for a safety program’s performance are insurance expenses and
losses. A cost that is often tracked by safety professionals is the organization’s worker
compensation premiums. Workers’ compensation premiums can be calculated in a
number of different ways. However, regardless of the method for determining premi-
ums, they provide an excellent indicator for safety performance in the workplace.

One such method for determining workers’ compensation premiums is through the
use of the experience modification rating (EMR). The EMR is determined by the Na-
tional Council on Compensation Insurance (NCCI) or other insurance rating groups.
The EMR system rates companies based upon the type of work they are engaged in
and their past loss history. Using actuary science, the insurer estimates what a firm’s
losses should have been over a period of time and compares them to their actual losses
(Adams 1997, 33).

The EMR is considered an excellent benchmark because it is directly related to opera-
tional costs, and it has been normalized for company size, the nature of the operation,
and other employer specific factors (Taggart and Carter 1999, 35). The EMR provides
the company with an indication as to how their workers’ compensation loss perfor-
mance is over a period of time compared to similar companies. The average losses for
an industry are represented by an EMR of 1.00. Companies with EMRs greater than
1.00 are paying a workers’ compensation premium that is greater than the industry
average, while companies with an EMR less than 1.00 are paying premiums less than
the industry average.

Elements of the EMR Formula

There are a number of reasons why the EMR for a company can be greater than 1.00,
including no prior loss history (as is the case with a new company) and a history of a
high frequency of claims. A high frequency of claims reported, although not resulting
in high dollar losses, may adversely affect the company’s EMR and its workers’ com-
pensation premium more than a few claims of higher total dollar losses. Although the
higher frequency claims may have resulted in fewer dollars lost, the insurance com-
pany views these smaller claims as a potential for losses.
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An additional factor used to calculate the EMR is the company’s payroll. Jobs are clas-
sified according to a class code and rates are established. Job classes that are consid-
ered more hazardous carry a higher premium than those that are less hazardous do.
The class code rates are multiplied against each $100 of payroll for that particular job
class (Rouse, p. 27). If for example, the Class Code rate is $50 per every $100 of payroll,
the total payroll in a given year for that class code is determined and the base pre-
mium amount set. If the EMR is 1.00, the rate stays the same. If the EMR is 1.50, the
rate is then increased by 50%.

The last component that can affect the organization’s EMR is the claim reserves. When
a workers’ compensation is submitted, a reserve is opened which holds the antici-
pated losses for that claim. Although the claim may actually result in fewer dollars
actually paid out when the claim is settled, it is the reserve amount that the insurance
company uses when calculating the EMR. Therefore, it is advantageous for the com-
pany to work with the insurance company when administering claims and closing
them out in a timely manner.

Insurance Loss Ratios

Insurance loss ratios are another group of measures closely related to EMR. These
ratios include loss ratio, expense ratio, and combined ratio. Insurance loss ratios can
be a valid measurement of safety quality. Although not as widely used for benchmarking
as OSHA rates and EMR, these ratios are important to understanding insurance, which
is a financial motivator in the field of safety. Insurance losses can be defined as the
following:

Incurred Losses: Incurred losses include both losses paid out as benefits and admin-
istrative costs of processing these claims. The earned premium is that portion of
the total charged to cover risk taken by the insurance company.

Underwriting Expenses: Underwriting expenses include costs of writing a policy,
sales commissions, salaries, office space, etc. The written premium is that por-
tion of the total premium charged to cover these expenses. Typically, the written
premium is about 30 percent of the total; the remaining 70 percent covers claims—
both legitimate and fraudulent—made against the insurance company.

Expense Ratios

Expense Ratios for insurance claims can be measured as the expense versus the total
dollar loss for the claim (Bok and Shields 2001). The expenses are costs to the insured
in excess of the losses. Insurers must pay expenses such as special services like attor-
neys fees, rental fees, supplies, and taxes all of which form a cost of doing business
(Bickelhaupt 1983, 66).
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The ratios alone do not show the whole picture, so it is important to view the under-
lying dollar amounts. An increase in expense ratios does not necessarily indicate an
increase in expense dollars (Bok and Shields 2001). An increasing expense ratio could
just as easily result from a decrease in net written premiums provided that expenses
are not decreasing at a quicker pace (Bok and Shields 2001). The first expense is what
it costs to write insurance-expenses incurred or “expense ratio” (Bok and Shields 2001).
This category includes employee salaries, agent commissions, overhead costs, com-
pany cars and other expenses incurred just to open the doors and provide a service.
This amount also includes loss adjustment expenses.

Combined Ratios

The expense ratio plus the loss ratio equals the “combined ratio.” Although insurers
use several different ratios to calculate costs, the combined loss ratio is the simplest.
The nationwide average for the combined ratio is approximately 1.07 on all types of
business property-casualty insurance, which includes WC, fire, and related policies.
Thus, for every $1 taken in, insurance carriers pay out $1.07 (Taggart and Carter 1999).
If a firm’s combined ratio (a combination of insurer’s expenses and a firm’s losses) is
below 1.00, it is considered a profitable account. If the ratio is 0.50, it is a very profit-
able account. This can be used as a bargaining chip with the insurer. However, if the
firm’s combined ratio exceeds 1.00, this may be a forewarning of cancellation or a
rate hike.

Summary

The insurance loss experience for an organization is closely related to its safety per-
formance. An understanding of how insurance premiums are calculated and the type
of impact accidents can have upon premiums can provide the safety manager with
an additional method for measuring safety performance. Along with measures of lost
workdays and recordable accidents, insurance industry measures should also be part
of the safety performance measurement and improvement process. Examples of quan-
tifiable insurance markers that are indicative of safety performance are loss ratios,
experience modification rates, and expense ratios. These insurance industry measures
are yet another type of performance measure available to the safety professional.
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Chapter Questions

1. What does an experience modification factor represent?

2. What importance do insurance costs have with respect to a safety metrics pro-
gram?

3. Describe three categories of insurance expenses that can be monitored?

4. Company A had an EMR of .75 while Company B had an EMR of 2.7. Assuming
they are the same industries with like types of employment, what conclusions
can be drawn?

5. What is an expense ratio?

6. What importance do combined ratios have?

7. What factors can contribute to raising an organization’s EMR?

8. Describe three programs that can be implemented to control an organization’s
EMR.

9. What is a manual premium?

10. What organization may determine a company’s EMR?
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Behavior-based safety is a safety performance technique that has increased in popular-
ity over the past years. Behavior-based safety refers to a process designed to reduce the
frequency of work-related accidents by monitoring safe behaviors and reducing the
frequency of negative or inappropriate employee behaviors. Its key premise: the proxi-
mate causes of most occupational accidents are frequently occurring, inappropriate
employee behaviors (i.e., not wearing proper protective equipment, circumventing a
machine guard) (Krause and Hidley 1990, 11).

Behavior-based safety is the result of work by behavior psychologists over the years.
Using the techniques from applied psychology, psychologists used combinations of
behavior analysis to study industrial performance. In 1979, Thomas Krause, a psy-
chologist and John Hindley, a psychiatrist, examined methods in which psychology
could be applied to off-shore oil drilling companies in an effort to improve safety
performance (Krause 2001, 28). With the majority of accidents in the workplace due
to unsafe acts, a premise of behavior-based safety approach is that identification and
removal of motivators of unsafe behaviors and the reinforcement of safe behaviors
should improve safety performance in the workplace.

Behavior-Based Safety Process

The behavior-based safety process consists of identifying critical behaviors, establish-
ing baseline safe behavior levels, and developing a continuous improvement mecha-
nism into the program (Krause and Hindley 1990, 115). All of these steps in the process
also require employee participation to ensure program support that is vital to an effec-
tive program. Critical behaviors can be identified in a number of ways, including the
evaluation of past accident history and input from those knowledgeable about the
processes in the organization. Benchmarks for safe behavior, referred to as baseline
acceptable levels, are measured in terms of the percentage of the time the safe behav-
iors are observed. Supervisors who have been trained in the behavior-based safety
program audit employees through the use of job observations and collect data with
respect to the safe behaviors observed. As with any performance program, a con-
tinual improvement process is integrated in to the behavior-based safety program.

11
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Benchmarks are established, behaviors are observed and quantified, comparisons
are made to the benchmarks, and improvement activities are implemented.

A noted authority on behavior-based safety, E. Scott Geller, identified seven key prin-
ciples that should serve as guidelines when developing a BBS process or tool for safety
management. They are (Geller 1999, 40):

1. Focus intervention on behavior

2. Look at external factors to understand and improve behavior

3. Direct behavior with activators or events antecedent to the behavior

4. Focus on positive consequences to motivate behavior

5. Apply the scientific method to improve behavioral interventions

6. Use theory to integrate information, not limit possibilities

7. Design interventions with consideration of internal feelings and attitudes

All voluntary behavior starts out as other-directed, in the sense that we follow someone
else’s direction (Geller 1999, 44). This direction can be in the form of training, proce-
dures, etc. After leaning what to do, behaviors enter a self-directed stage in which the
person performs the activity in a manner that will elicit a positive response. The self-
directed activity may not always result in the desired behavior. Changing self-directed
behaviors is often difficult because the motivators are personal (Geller 1999, 44).

There are three major forms of behavior interventions. They are instructional inter-
vention, supportive intervention, and motivational intervention (Geller 1999, 44).
Instructional interventions consist of educational sessions, training exercises, and
directive feedback. Supportive interventions focus on the application of positive con-
sequences. Positive reinforcement of wanted behaviors increases the likelihood that
the behavior will be performed again. Motivational interventions include positive
incentive or rewards for targeted behaviors. Negative motivators often are ineffective
because the consequence or penalty seems remote and improbable (Geller 1999, 46).

In the traditional approach to BBS, employees and their behaviors are the primary
focus. The goal is to educate employees and institute processes that involve them in
behavioral analysis, observation, and correction. Typically, employees develop lists of
critical work behaviors, observe peers performing work, report these observations to
peers, and help develop appropriate corrective actions.

Individual Behavior and BBS

To change behavior in the workplace, there are a variety of interventions available—
including incentives, deterrence, education, and persuasion (Bonnie 1999, 91). In-
centives and deterrents have been found to be the two greatest motivators for safe
behavior. Incentives, or positive reinforcers, will increase the performance of wanted
behaviors. Deterrents, or disincentives, are outcomes meant to discourage intentional
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wrongdoing. Research has shown that education and persuasion alone rarely result
in behavior change (Bonnie 1999, 91).

Objectives of Measuring Safety Performance

The primary objective of measuring safety performance is to provide a feedback
mechanism that will foster continuous improvement. A process for implementing
such a program relies on the following steps (Krause and Hidley 1990, 161):

Identifying problem areas: The safety mechanism that is geared for performance
measurement and feedback takes its cue from the facility inventory of critical
behaviors. Problem areas can be defined as those workplace behaviors that devi-
ate from the expected critical behaviors.

Stimulating preventive action: Based upon the problem areas identified, preven-
tive activities can be directed toward those areas, thus focusing management’s
attention and resources to the areas that need them the most.

Documenting safety efforts:Without accurately documenting safety efforts, there
is no true accountability for managers and supervisors. Nor is there a developing
record of facility safety performance trends and profiles.

Reinforcing improvements in behavior: The strongest reinforcement for behav-
ior is feedback that is soon, certain, and positive. In order to reinforce improve-
ment, one must know what types of behaviors lead to the improvement.

Critical Behaviors

Critical behaviors are those behaviors that have been identified as being critical to
safety performance in the workplace. These behaviors can be identified using one of
four different sources: incident reports, employee interviews, job observations, and
review of work rules and procedure manuals.

Incident reports should be the first evaluated item when developing the inventory of
critical behaviors (Krause 2001). The accident reports provide the basic foundation
of behaviors to target. Typically, three to five years of accident data can provide reli-
able and valid data. The review of the accident reports can lend insight into the types
of behaviors that are most often associated with the organizations accidents.

Interviewing employees can lend insight as to the types of problems that they have
encountered while performing job tasks. The employees can also provide information
about near miss situations, shortcomings of job procedures. Job observations are use-
ful in documenting the procedures that are followed to complete a task. Reviews of
work rules are also useful in determining potential problems with the methods for
completing a job task. Together these four approaches can provide the safety profes-
sional with an inventory of critical behaviors that can most likely result in an accident.
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Seven Factors Critical to BBS Success

In studying behavior-based safety practitioners and implementations, seven factors
have been identified as critical to the success of behavior-based safety processes. They
are (Hidley 1990, 30–35):

1) Use a process blueprint. To succeed, a firm must have a well-developed blueprint
for the entire implementation sequence. This requires a well-structured approach
that is implemented rigorously.

2) Emphasize communication, buy-in. Buy-in and communication are related to how
well the change effort is “marketed” within the organization.

3) Demonstrate leadership (both management and labor). This factor addresses the
central importance of leadership’s orientation and support for the change process.

4) Ensure team competence. This factor encompasses identification, recruitment
and training of the change-effort steering committee and its leader—a group cru-
cial to success.

5) Use action-oriented training. In a successful initiative, personnel are trained for
their roles and responsibilities immediately before they are to be performed. Such
a mechanism provides newly trained personnel with success and guidance feed-
back as they assume new roles—a training version of just-in-time delivery.

6) Use data to ensure continuous improvement. A successful change effort continu-
ally measures processes and results.

7) Provide technical resources. Technical assistance influences many aspects of the
initiative.

Using Behavior-Based Safety Process as a Safety
Metric

The behavior-based safety process lends itself well to a safety metrics program. Es-
tablishing safety performance goals and objectives based upon the performance of
safe behaviors is the first step in the development of a safety metrics program. With
safe behavior goals and objectives established, future activities can be monitored,
data can be collected, and comparisons can be made between the activities and the
desired levels of performance. When gaps are identified between the desired and ac-
tual performance levels, it is up to the safety manager to identify the reasons for the
difference and make appropriate changes.

The use of unsafe behaviors as a metric provides the safety manager with an addi-
tional tool to use for measuring safety program effectiveness. While accidents and
losses are after-the-fact metrics, safety performance based upon unsafe behaviors
can be considered a proactive before-the-fact activity, which when used with other
metrics, can provide the safety manager with an arsenal of safety metrics.
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Behavior-based safety can be used in conjunction with other safety metrics and as
part of the overall safety performance program. If the majority of accidents in the
workplace are linked to an unsafe act or behavior, decreasing the frequency of these
unsafe behaviors should result in a decrease of accidents. Using a multi-pronged
safety metrics approach, both unsafe behaviors and unsafe conditions are mea-
sured, data collected and analyzed, and performance improvement activities intro-
duced. Behavior-based safety provides the framework for developing standards of
performance, collecting data through the use of job observations and the implementa-
tion of corrective action. With behavior-based safety, corrective action requires rein-
forcing safe behavior and discouraging unsafe behavior. While the unsafe behaviors
are being addressed through behavior-based safety approach, unsafe conditions can
be approached though the same continual improvement process, with engineering
approaches used as a corrective action.

The first type of behavior-related measures that can be used before the fact, or before
an accident occurs, is the percentage of safe behaviors observed for an observation
time. The greater the percentage of safe behaviors, the smaller the percentage of unsafe
behaviors, and, thus, the fewer chances for an accident. Other types of measures re-
lated to the performance of safe behaviors involve a number of activity-based mea-
sures. Some of these may include monitoring the number of job tasks evaluated for
potential hazards and compliance with various safety regulations, the number of job
tasks for which safe job procedures have been established, and the amount of safety
training provided to workers.

Summary

Over the past decade, behavior-based safety has become an integral part of many orga-
nizations’ safety performance programs. While accidents, lost workdays, and record-
able injuries are all measures of after-the-fact performance, behavior-based safety
takes a proactive approach. The job behaviors displayed by employees are observed,
quantified, and analyzed. Through a structured program that involves employees at
all levels of the organization, safe work behaviors are reinforced while unsafe work
behaviors are deterred. The performance of safe behaviors can easily be incorporated
as another safety metric in the overall safety performance program, thus providing
the safety manager with yet another way to measure safety performance in the work-
place.

Chapter Questions

1. What does the term behavior-based safety mean?

2. Describe the process of behavior-based safety.
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3. What are some examples as to what may influence behaviors in the self directed
stage.

4. What is the goal of BBS?

5. What is the primary objective of a BBS program?

6. Define “critical behavior.”

7. What are some characteristics of a successful BBS program?

8. How would one go about identifying critical behaviors in an organization?

9. What is the strongest reinforcer for a behavior?

10. Differentiate between an incentive and a deterrent.
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Safety training can be considered one of the most important components of any safety
program. Safety training is one specific solution to meet a safety or health need caused
by lack of appropriate behavioral skills, related knowledge, and/or attitudes (National
Safety Council 1997, 520). Safety training is the key to preventing accidents that are
caused by unsafe acts in the workplace; therefore, methods to assess whether the train-
ing is effective or not must be developed. Using the methods of safety metrics to evalu-
ate and measure the effectiveness of safety training is a vital component of a safety
performance program.

Wexley and Latham (1981) defined four levels of training evaluation—student reac-
tion, learning, behavioral criteria, and results criteria. Each measure is used to assess
different aspects of the value of an event.

♦ Student reaction reflects receptiveness to the training. Even though a posi-
tive response is desirable, a favorable response does not ensure that learn-
ing occurred. Student reaction includes a self-assessment where the student
is asked how much they think they learned if given a hypothetical test.

♦ Learning measures are more objective and would include empirical assess-
ments such as a pretests and posttests.

♦ Behavioral measures focus on the actual transfer of knowledge gained for the
workplace.

♦ Results measures are similar to behavioral measures with the additional assess-
ment of productivity gain.

The assessment of this effectiveness requires the measurement of safety activities
and the ability to determine if the training is meeting the expected safety goals and
objectives of the organization. As is the case with other safety program components,
there are methodologies available that allow the safety professional to measure and
evaluate the safety training. This training assessment can be helpful to (National Safety
Council 1997, 523):

1. Distinguish between training and non-training needs

2. Understand the problem or need before designing a solution

12

Evaluating Safety Training
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3. Save time and money by ensuring that solutions effectively address the problems
they are intended to solve

4. Identify factors that will impact training before its development

The evaluation of training, like any other education program, can be beneficial in
performing a variety of roles in order to meet various goals of the evaluator. Examples
of roles of evaluation process include (Worthen and Sanders 1987, 5):

1. Providing a basis for decisions and policymaking

2. Assess participant achievement

3. Evaluate training program content

4. Improve training materials and programs

Formative and Summative Evaluation

Scriven (1967) first distinguished between the formative and summative roles of evalua-
tion. Formative evaluations, conducted during the implementation of a safety pro-
gram, provide directors information that helps improve the program. Formative evalua-
tion typically involves content inspection by experts, pilot tests with small numbers
of workers, field tests with larger numbers of workers in several plants, and so forth.
Each step results in immediate feedback to the developers, who would then use the
information to make necessary revisions (Worthen and Sanders 1987, 34).

Summative evaluations are conducted at the end of the program to provide potential
consumers with judgments about the safety training program’s worth or merit
(Worthen and Sanders 1987, 34). For example, after the safety training program is
developed, a summative evaluation might be conducted to determine how effective
the package is with a national sample of typical facilities, safety managers, and work-
ers. The findings of the summative evaluation would then be made available to others.

Quantitative and Qualitative Evaluation

Because so many people serving in evaluation roles during the late 1950s and 1960s
were educational and psychological researchers, it is not surprising that the experi-
mental tradition quickly became the most generally accepted evaluation approach
(Worthen and Sanders 1987, 50). Schofield and Anderson (pages 8–9) defined quali-
tative evaluation as evaluation that:

(a) is conducted in natural settings, such as the factory;

(b) utilizes the researcher as the chief “instrument” in both data-gathering and
analysis;
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(c) emphasizes “thick description,” that is, obtaining “real,” “rich,” “deep,” data
which illuminate everyday patterns of action and meaning from the per-
spective of those being studied;

(d) tends to focus on social processes rather than primarily or exclusively on
outcomes;

(e) employs multiple data-gathering methods, especially participant-observation
and interviews; and

(f) uses an inductive approach to data analysis, extracting its concepts from
the mass of particular detail which constitutes the database.

By contrast, quantitative inquiry generally focuses on the testing of specific hypoth-
eses that are smaller parts of some larger theoretical perspective. This approach fol-
lows the traditional natural science model more closely than qualitative research,
emphasizing experimental design and statistical methods of analysis. Quantitative
research emphasizes standardization, precision, objectivity, and reliability of mea-
surement as well as replicability and generalizability of findings. Thus, quantitative
research is characterized not only by a focus on producing numbers but on generat-
ing numbers which are suitable for statistical tests (Schofield and Anderson 1984, 8–9).

Objectives-Oriented Evaluation

In objectives-oriented evaluation approach, the purposes of some educational activ-
ity are specified, and the evaluation process focuses on the extent to which the objec-
tives have been achieved (Worthen and Sanders 1987, 60). In this type of evaluation,
the objectives are established prior to the training. The methods for attaining the
objectives are included in the training materials and activities.

When developing the training program, a variety of techniques can be used in the plan-
ning process. All of these techniques begin with the development of educational objec-
tives. The objectives specify what is to be learned and how that learning will present
itself in observable behaviors. The learning objectives can be classified into one of three
categories: cognitive, affective, or psychomotor (Gage and Berliner 1988, 43).

Cognitive objectives deal with intellectual processes such as knowing, recognizing,
and thinking. Affective objectives deal with feelings and emotions, while psychomotor
objectives deal with skilled ways of moving.

The goal for the trainer is to match the proper training activities to the learning ob-
jectives. For example, a classroom instruction method of teaching may be better suited
for meeting cognitive objectives while hands-on activities may be a better-suited train-
ing method for psychomotor objectives. In any case, the objectives should be estab-
lished first, and the teaching methods and materials should be developed second.
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Finally, evaluation of the training should concentrate on first determining if the educa-
tional objectives were met.

Once it has been shown that the educational objectives have been met, further evalua-
tion should be conducted to determine if the training meets the safety program objec-
tives. All too often training is the first method of prevention when in fact another
prevention strategy should have been used. An example of this is gathering employ-
ees together for a hazard recognition training program after a high frequency of acci-
dents with a piece of equipment. The time and money spent on the training may
have been more effectively spent using the engineering approach and properly guard-
ing the unsafe equipment.

The UCLA Evaluation Model

While he was director of the Center for the Study of Evaluation at UCLA, Alkin (1969)
developed an evaluation framework that paralleled closely some aspects of the CIPP
model. Alkin defined evaluation as “the process of ascertaining the decision areas of
concern, selecting appropriate information, and collecting and analyzing informa-
tion in order to report summary data useful to decision-makers in selecting among
alternatives” (Alkin 1969, 2). Alkin’s model included the following five types of evalua-
tion (Wothen and Sanders 1987, 81):

1. Systems assessment, to provide information about the state of the system.

2. Program planning, to assist in the selection of particular programs likely to be
effective in meeting specific educational needs.

3. Program implementation, to provide information about whether a program was
introduced to the appropriate group in the manner intended.

4. Program improvement, to provide information about how a program is function-
ing, whether interim objectives are being achieved, and whether unanticipated
outcomes are appearing.

5. Program certification, to provide information about the value of the program and
its potential for use elsewhere.

The Tylerian Evaluation Approach 

Tyler conceived a process by which one could determine the extent to which the edu-
cational objectives of a training program are being achieved. His approach to the evalu-
ation process were as follows (Worthen and Sanders 1987, 63):

1. Establish broad goals or objectives.

2. Classify the goals or objectives.

3. Define objectives in behavioral terms.
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4. Find situations in which achievement of objectives can be shown.

5. Develop or select measurement techniques.

6. Collect performance data.

7. Compare performance data with behaviorally stated objectives.

Discrepancies between performance and objectives would lead to modifications in-
tended to correct the deficiency, and the evaluation cycle would be repeated (Worthen
and Sanders 1987, 63).

Expertise-Oriented Evaluation Approach

The expertise-oriented approach to evaluation is one of the oldest and most widely
used forms of evaluation (Worthen and Sanders 1987, 98). For example, the worth of
a curriculum would be assessed by curriculum or subject-matter experts who would
observe the curriculum in action and examine its content and underlying learning
theory or in some other way glean sufficient information to render a considered judg-
ment about its value (Worthen and Sanders 1987, 98).

Evaluating Web-Based Training

Internet courses have become an ever-increasing method for meeting safety training
needs in the workplace. Web training should be subjected to the same forms of evalua-
tion as other types of training. Comprehensive evaluations of programs should include
assessments of students’ performances on specified outcomes, instructors’ effective-
ness, and the quality of courses and the program (Bruce and Hwang 2001, 620).

The most common type of evaluation technique used is student assessment or feed-
back. Using this assessment of students has found that students’ performance in
online and traditional classrooms is similar (Bruce and Hwang 2001, 620). These stu-
dent evaluations provide input as to students’ perception about the course, the instruc-
tion, and value of the material. Because typical course evaluations are designed for
classroom format instruction, additional items may need to be added to traditional
student evaluation forms. Areas to include in the evaluation include logistical areas
such as ability to access the web page, compatibility of the technology with the stu-
dents’ computer, etc. The purpose of the evaluations is to serve as a basis for improv-
ing courses. Instructors can do so by establishing a maintenance folder for each course
that includes pertinent evaluations that can be used in further developing a course
(Bruce and Hwang 2001, 620).

The next level of evaluation for web-based courses is the overall evaluation of the pro-
gram. Benchmarking the abilities of students that have completed web-based instruc-
tion against students that have completed the same course in a traditional approach is
an example of how this type of evaluation may be accomplished.
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Improving Training Effectiveness

An important question to answer about the training program is “Was the training
program effective?”

Some of the more common reasons for evaluating training include (Phillips 1991, 8):

1. Assess participant satisfaction with the training.

2. Assess the application of the training to the job.

3. Evaluate organizational performance.

4. Test for skills development .

To be most effective, safety training should be tailored to the specific audiences and the
specific needs of the organization. Safety personnel can get into a routine where safety
training is conducted because the topic has always been given. Additionally, safety train-
ing loses its effectiveness when it is being used to solve potential problems that are not
rooted in an educational or unsafe act cause. For example, suppose an organization is
experiencing accidents caused by the improper physical arrangement of the workspace.
Instead of reengineering the workplace, the employees receive training and are expected
to prevent the accidents even though they are working in a physical environment
that is not conducive to safety.

Another frequent downfall in safety training is improper audience selection for the
training program. If the participants do not see a use for the training or the training
does not apply to them, one should not expect results from the training program. In
the development phase of safety training some key questions to pose when evaluat-
ing safety training are (Johnson 1999, p. 104–6):

Is the training specific enough for the intended use?

Can one verify that the training meets the intended use?

Is the training believable to the attendees and is it at the appropriate level?

Are training objectives clearly stated and identifiable?

Is training time reasonable in both timeliness and length of training program?

Summary

Because one of the leading causes for accidents in the workplace is unsafe actions by
workers, safety training is an integral part of any accident prevention program. Safety
training can and should be analyzed and evaluated in the same manner as any other
accident prevention program. In order for workers to know how to work in a safe man-
ner and use their safety training consistently, the safety training needs to be effective.
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There are a variety of models available to evaluate the effectiveness of training pro-
grams used in the workplace. Some of the approaches include the UCLA Evaluation
Model, the Objective-Oriented Evaluation Model, and the Tylerian Evaluation Model.
While the approaches may be different, they all have a common goal of providing
feedback as to whether a training program is effective.

Chapter Questions

1. Describe three different types of measures that can be used to assess safety train-
ing.

2. What are some useful purposes for evaluating safety training?

3. Distinguish between formative and summative evaluation.

4. Distinguish between qualitative and quantitative evaluation.

5. What is the process of designing an objectives-oriented evaluation process?

6. Describe the process for evaluating web-based training programs.

7. Provide an example that utilizes the UCLA model of evaluation.

8. In order to improve the effectiveness of a training program, describe three areas
that one would address.

9. Provide an example that utilizes the Tylerian Evaluation Approach.
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There are additional safety metrics techniques that can be used to assess the safety
climate in an organization in terms of the organization’s management, employees,
and environment. The environment includes the physical environment, the equip-
ment, and the interfaces between the workers and the work environment. Each area
provides the safety professional with additional information to determine if the safety
performance in the organization is at an acceptable level.

Perception Surveys

After many years of research with the use of perception survey instruments in the work-
place, results indicate that perception surveys are effective in determining the safety
climate in an organization. The perception surveys are used to measure attitudes to-
ward and acceptance of safety and health programs (Taggart and Carter 1999, 36).
They have been found to be very valuable in determining what needs to be done in
the workplace to improve safety. Perception surveys are used to identify the underlying
attitudes and beliefs held by management, supervisors, and workers that contribute to
accidents. As part of the behavior based safety process, perception surveys are used to
determine the extent to which the safety climate in the organization reinforces safe
behavior. Often, however, perception surveys find that natural consequences do not
reinforce safe behavior; instead, they provide only negative reinforcement for unsafe
behavior and this negative reinforcement is provided at very low frequency compared
to the undesired behavior (Taggart and Carter 1999, 36). With behavior-based safety
and any other performance improvement program introduced into the workplace,
these surveys can be used to measure baseline perceptions related to safety and moni-
tor changes in them over a period of time.

Quizzes

Quizzes are a technique that can be used when a safety manager wishes to have em-
ployees demonstrate their degree of safety knowledge on a particular subject area.
For example, an employee is asked to cut a form on a band saw. The employee is then
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Assessing the Safety Climate



134 Safety Metrics

observed; the examiner notes whether safety glasses were donned, whether the blade
guard was adjusted to work height, and whether proper lifting techniques were used
(Taggart and Carter 1999, 36). Quizzes are useful in determining a worker’s knowl-
edge of a subject matter. The subject matter may be from training or educational
classes. Useful outcomes from quizzes include determining the worker’s knowledge
about certain hazards in the workplace and the OSHA requirements for particular
job task.

Discrete Observation of Performance

Discrete observation of employees performing a job task may be an indicator of their
knowledge of how to perform the job safely, their ability to perform the job properly,
and the attitudes toward safety in general. If an employee is observed performing the
job task in an unsafe manner, there are several things that need to be investigated.

First, the extent of the person’s knowledge about how to perform the job safely must
be determined. A common mistake for supervisors and safety managers is that when
they see an employee performing the job in an unsafe manner, they assume the em-
ployee knew how to do the job correctly but chose not to perform the job correctly.
Education, reeducation, and counseling the employee on the correct way to perform
the job task should always be part of the performance improvement process.

Second, if it is determined that the employee knew how to perform the job safely but
chose not to, other factors, such as motivators and the employee’s attitudes toward
working safely, should be explored. Although the employee knew how to perform the
job in a safe manner, motivators may be present which reinforce the unsafe behavior.

Third, the employee’s attitudes toward safety may be a factor as to why they were
observed working in an unsafe manner. If they show they have knowledge on how to
perform the job task properly and there are no motivators present for working in an
unsafe manner, the employee may have predisposing beliefs about following safety
procedures and accident avoidance. Education, positive motivators for working safely,
and deterrents for working in an unsafe manner are all performance improvement
strategies available to the safety manager.

Economic Analysis

Economic analysis is the process by which the safety manager measures safety per-
formance in terms of financial gains or losses to the organization. It is important to
differentiate between intangible outcomes and those that are tangible but difficult to
translate into monetary benefits or costs. For example, an investment might decrease
pollution, which is very tangible, but it may be difficult to translate this projected
reduction to estimated economic gain (Rouse and Boff 1999, 225).
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The time value of money is the central concept in this traditional approach. Resources
invested now are worth more than the same amounts gained later. This is due to the
costs of the investment capital that must be paid, or foregone, while waiting for sub-
sequent returns on the investment. The time value of money is represented by dis-
counting the cash flows produced by the investment to reflect the interest that would,
in effect at least, have to be paid on the capital borrowed to finance the investment
(Rouse and Boff 1999, 225).

Risk management involves the measurement of financial returns from safety and loss
control activities. Risk managers evaluate the costs of implementing safety program
activities compared to their costs and the overall savings to the organization in terms
of decreased losses and lowered insurance costs. A common approach to this type of
evaluation is referred to as cash flow analysis. A seven-step methodology to cost ben-
efit analysis includes the following steps (Rouse and Boff 1999, 225):

Step 1: Identify Stakeholders 

The first step involves identifying the stakeholders who are of concern relative to
the investments being entertained. This might include, for example, those who
will provide the resources that will enable a solution, those who will create the
solution, those who will implement the solution, and those who will benefit from
the solution.

Step 2: Define Benefit and Cost Attributes 

The next step involves defining the benefits and costs involved from the perspec-
tive of each stakeholder. These benefits and costs define the attributes of interest
to the stakeholders. Usually, a hierarchy of benefits and costs emerges with more
abstract concepts at the top (e.g., viability, acceptability, and validity), and con-
crete measurable attributes at the bottom.

Step 3: Determine Stakeholders’ Utility Functions

The value that stakeholders attach to these attributes is defined by stakeholders’
utility functions. The utility functions enable mapping disparate benefits and costs
to a common scale. A variety of techniques are available for assessing utility func-
tions.

Step 4: Determine Utility Functions Across Stakeholders 

Next, one determines how utility functions should be combined across stakehold-
ers. At the very least, this involves assigning relative weights to different stake-
holders’ utilities. Other considerations such as desires for parity can make the
ways in which utilities are combined more complicated.

Step 5: Assess Parameters of Utility Functions 

The next step focuses on assessing parameters within the utility models. For ex-
ample, utility functions that include diminishing or accelerating increments of
utility for each increment of benefit or cost involve rate parameters that must be
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estimated. As another instance, estimates of the weights for multi-stakeholder
utility functions have to be estimated. Fortunately, there are varieties of standard
methods for making such estimates.

Step 6: Forecast Levels of Attributes 

With the cost/benefit model fully defined, one next must forecast levels of attrib-
utes or, in other words, benefits and costs. Thus, for each alternative investment,
one must forecast the stream of benefits and costs that will result if this invest-
ment is made. Quite often, these forecasts involve probability density functions
rather than point forecasts. Utility theory models can easily incorporate the impact
of such uncertainties on stakeholders’ risk aversions. On the other hand, infor-
mation on probability density functions may not be available, or may be prohibi-
tively expensive. In these situations, beliefs of stakeholders and subject matter
experts can be employed, perhaps coupled with sensitivity analysis (see Step 7) to
determine where additional data collection may be warranted.

Step 7: Calculate Expected Utilities 

The final step involves calculating the expected utility of each alternative invest-
ment. This step also involves using sensitivity analysis to assess, for example, the
extent to which the rank ordering of alternatives, by overall utility, changes as pa-
rameters and attribute levels of the model are varied.

Program Logic Model Framework

The Program Logic Framework can be used to organize planning and analysis during
program design or when designing outcomes-based evaluations of the programs
(McNamara 2000, 1). The model serves as a framework for evaluating major program
functions and how they relate to organizational resources, client needs, and the orga-
nizational goals. This model has been applied in a variety of fields, including public
health, education, and safety. To use the model, a process flow evaluation approach
is employed, beginning with the inputs into the organization and ending with the
outcomes.

Inputs into the organization are anything the organization brings in for processing,
which can include people, equipment, and raw materials. Once in the organization,
the processes that are used upon the inputs are examined. Depending upon the type
of organization, processes can include production processes, training, education, and
any other types of services.

Outputs are the results of the process. If applied to a manufacturing process, the out-
puts are the products. In a service industry, the output would be the service provided.
In the final stage of the program logic model, outcomes are addressed on three levels.
Depending upon their impact and longevity, they are classified as short term, interme-
diate, or long term. At each step of the logic model framework, performance improve-
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ment strategies can be implemented with the goal of continual improvement in the
process of providing goods or services and in the quality of the outcomes attained.

Systems Safety Techniques

Systems safety techniques have been proven a valuable process for assessing the reli-
ability and safety of complex systems. There are a variety of techniques that can be
used to identify potential problem areas of the system. The major components of a
system include the equipment, the personnel, and the environment. The systems
safety techniques can be used before the fact to identify potential situations that can
increase the risk for a failure, or they can be used in after-the-fact situations to deter-
mine the contributing factors that led to the accident, thus identifying prevention
areas for future accidents.

Techniques used in systems safety frequently have specific goals and areas that they
can address. For example, some techniques are used to analyze the hardware and
equipment aspects of the system while other techniques are used to assess the hu-
man aspect. From a safety metrics standpoint, systems safety techniques can be used
to identify areas for improvement in the organization. While there are hundreds of
system safety techniques available, some of the more commonly used are Fault Tree
Analysis (FTA), Procedure Analysis, Failure Modes and Effects Analysis, and Root Cause
Analysis.

Fault Tree Analysis

Fault Tree Analysis was one of the earliest systems safety techniques developed for
examining equipment failures. Fault Tree Analysis is a top down procedure that iden-
tifies undesirable events and their contributing factors. Once a tree has been devel-
oped, probabilities of failures can be determined for individual components in the
tree. With the individual probabilities, overall probabilities of failures and can be cal-
culated for event paths using Boolean algebra.

Procedure Analysis

Procedure analysis can be used to examine the steps in a procedure or task. Procedure
analysis requires the task to be broken down into individual steps. For each step, the
hazards are identified and control measures for each hazard determined. Procedure
analysis can be expanded to include the use of reliabilities for individual steps that
can be ultimately used to determine over all reliability for completing the job task.
This procedure can also be referred to as a Job Safety Analysis. The completed analy-
ses are used to determine safe job procedures, the need for personal protection equip-
ment, and the need for engineering controls.
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Failure Modes and Effects Analysis

Failure Modes and Effects Analysis (FMEA) examines systems, element by element
(Systems Safety Society 1997, 3-111). The analysis procedure requires the identifica-
tion of the individual components that make up the system under examination. With
the components identified, the modes in which the component failures as well as the
effects that that failure has upon the system are determined. A further step to the
FMEA procedure is the examination of the risk associated with the failure. The risk,
also referred to as criticality, provides the investigators with a method of ranking the
hazards in the system and providing a method for prioritization of hazards.

Root Cause Analysis

Root Cause Analysis focuses on why the investigation findings occurred rather than
the specifics of the findings. The purpose of the Root Cause Analysis is to identify causal
factors relating to a mishap or near-miss incidents. The technique goes beyond the
direct causes to identify fundamental reasons for the fault or failure (Systems Safety
Society 1997, 3-235). The objective is to find one root cause that is the fundamental
reason behind a set of related deficiencies, shortcomings, or observations. By empha-
sizing a few root causes, management can correct a wide variety of deficiencies or
faults in a system. The Root Cause Analysis technique is used primarily for failure
analyses and other investigations. Using the accident cause categories from the man-
agement oversight risk tree (MORT), “why” statements are arranged into surface and
root cause categories. Examples of the MORT categories of surface cause categories
include amelioration, communications, training, and human factors, to name a few
(Systems Safety Society 1997, 3-235).

The Balanced Scorecard

The Balanced Scorecard is a new approach to strategic management, developed in
the early 1990s by Drs. Robert Kaplan and David Norton (Balanced Scorecard In-
stitute 2001). The concept “translates” the planning perspective of an institution (mis-
sion, strategic vision, and goals) into a system of performance indicators that covers
all-important perspectives of performance (i.e., finances, users, internal processes,
and improvement activities) (Poll 2001, 709).

The balanced scorecard management system provides feedback concerning internal
business processes and external outcomes. To improve performance, continuous
improvement strategies are incorporated into the model. The process involves a defin-
ing the mission and goals for the organization. As with other performance improve-
ment processes, the activities necessary to meet the goals are developed and measures
indicative of that performance identified. Continual improvement is incorporated
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into the model which balances financial and non-financial demands of the organiza-
tion with performance.

Summary

For a safety program to be effective, the safety climate needs to be supportive of the
program. The safety climate includes management, workers, the physical equipment
in the workplace, and the interfaces between the people and the environment. Per-
ception surveys can be used to assess the status of the safety climate in the work-
place. Key areas that perception surveys can assess include management support for
safety and employees’ attitudes and beliefs about safety. Environmental conditions
and interfaces between equipment and workers can be assessed using various sys-
tem safety techniques. Examples of system safety techniques include root cause analy-
sis and failure modes and effects analysis.

Chapter Questions

1. Describe the uses of perception surveys for the purpose of measuring safety per-
formance.

2. How would one implement a safety performance measurement program that uti-
lizes discrete observation?

3. How can economic analysis be used to assess safety performance?

4. What is risk management and how can it be used in a safety performance assess-
ment program?

5. In the methodology for cost benefit analysis, the first step is identifying stake-
holders. How would one go about completing this step?

6. What is systems safety and how can it be used to assess safety performance?

7. Describe fault tree analysis and how the procedure can be used to assess safety
performance.

8. Describe root cause analysis and how the procedure can be used to assess safety
performance.

9. What impact has the military had upon systems safety?

10. Describe the Balanced Scorecard management system and explain how it can be
used to assess safety performance.
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There are numerous safety metrics available to safety and health professionals that
can be used as performance indicators. These metrics include those established by
the Occupational Safety and Health Administration, the Department of Energy, and
private industry. These resources provide the safety professional with methodologies
to measure safety performance and serve as benchmark indicators.

OSHA-Based Incidence Rates

Occupational Safety and Health Administration (OSHA) incidence rates are one of
the more common methods of measuring safety performance. Incidence rates for
higher levels of industry detail are produced using aggregated, weighted, and
benchmarked totals. Rates may be computed using industry, employment size, geo-
graphic area, extent or outcome of case, and case characteristic category. Rates for
illnesses and rates for case characteristic categories are published per 10,000 full-
time employees, using 20,000,000 hours instead of 200,000 hours in the formula shown
below. Rates per 10,000 workers can be converted to rates per 100 workers by moving
the decimal point left two places and rounding the resulting rate to the nearest tenth.
There are varieties of formulas that can be used to calculate these incidence rates.
Some of the more common rates are the OSHA recordable injury incidence rate, the
recordable illness incidence rate, the death rate, and the lost day case injury rate. The
formulas used to calculate these rates are as follows:

OSHA cordable Injury Incidence rate
Number of cordable Injuries

Number of hours worked
Re

( Re ) ,= ¥ 200 000

OSHA cordable Il ess Incidence rate
Number of cordable Il esses

Number of hours worked
Re ln

( Re ln ) ,= ¥ 200 000

Death rate
Number of Deaths

Number of hours worked
= ¥( ) ,200 000

14

Performance Indices
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OSHA Lost Day Injury Case rate
Number of Lost Day Cases

Number of hours worked
= ¥( ) ,200 000

The OSHA incidence rates are based upon 200,000 hours of exposure—equivalent to
a company with 100 employees, each working 2,000 hours in a calendar year. This
corresponds to what an “average” full-time employee would work in a 40-hour week
during a 52-week year (minus two weeks for vacation and holidays). Using this expo-
sure value of 200,000 hours allows for comparisons between “equal” 100 full-time
employee establishments. These comparisons can be made between different estab-
lishments and comparisons within the same establishment between different sub-
groups. Comparisons can also be made between the establishment’s OSHA incidence
rate and national estimates of incidence rates based upon Standard Industrial Classi-
fication (SIC) Codes and the new North American Industry Classification System
(NAICS).

OSHA’s Gravity-Based Penalty System

For some larger corporations with multiple establishments, a method of quantifying
safety performance has been through the tracking of Occupational Safety and Health
Administration (OSHA) violations and penalties. The Occupational Safety and Health
Administration uses a gravity-based penalty (GBP) system to establish the initial pen-
alty for violations. (However, some penalties, such as recordkeeping violations, are
set by regulations.) This weighting scheme has two primary advantages. 1) By giving
greater weight to hazards that are more likely to cause injury/illness and those likely
to cause more-serious injury/illness, the checklist score will provide a better indication
of true conditions within the plant. 2) By assigning a dollar value to hazards detected,
management will more likely recognize financial benefits of safety programs and,
thus enable rapid abatement (United States Department of Labor, Occupational Safety
and Health Administration 2001).

The gravity-based penalty system establishes the initial penalty based upon the poten-
tial severity of loss the hazard poses and the probability that an injury or illness could
occur because of the alleged violation. The severity assessment classifies the alleged
violations as serious or other-than-serious. The severity assessment is assigned to a
hazard to be cited according to the most serious injury or illness which could reason-
ably be expected to result from an employee’s exposure as follows (United States De-
partment of Labor, Occupational Safety and Health Administration 2001):

(1) High Severity: Death from injury or illness; injuries involving permanent disabil-
ity; or chronic, irreversible illnesses.
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(2) Medium Severity: Injuries or temporary, reversible illnesses resulting in hospital-
ization or a variable but limited period of disability.

(3) Low Severity: Injuries or temporary, reversible illnesses not resulting in hospital-
ization and requiring only minor supportive treatment.

(4) Minimal Severity: Other-than-serious violations. Although such violations reflect
conditions that have a direct and immediate relationship to the safety and health
of employees, the injury or illness most likely to result would probably not cause
death or serious physical harm.

The next step requires a probability assessment be conducted for the hazard. The
probability that an injury or illness will result from a hazard has no role in determin-
ing the classification of a violation, but does affect the amount of the penalty. The
probability is categorized either as greater or as lesser probability, defined as follows:

(a) Greater probability results when the likelihood that an injury or illness will occur
is judged to be relatively high.

(b) Lesser probability results when the likelihood that an injury or illness will occur is
judged to be relatively low.

In addition, there are penalty factors that may reduce the penalty from the initial
gravity-based level. The three factors are (United States Department of Labor, Occu-
pational Safety and Health Administration 2001):

1. The size of the business

2. The good faith of the employer

3. The employer’s history of previous violations

The GBP may be reduced by as much as 95 per cent depending upon the employer’s
good faith, size of business, and history of previous violations. Up to a 60-percent
reduction is permitted for size, up to a 25-percent reduction for good faith, and up to
a 10-percent reduction for history.

Bureau of Labor Statistics’ Occupational Safety and
Health Statistics

When the Occupational Safety and Health Act of 1970 was signed into law, the Bureau
of Labor Statistics was given the responsibility of keeping track of the occupational fatali-
ties and illnesses in the United States. The Bureau of Labor Statistics annually reports
on the number of workplace injuries, illnesses, and fatalities. Such information is
useful in identifying industries with high rates or large numbers of injuries, illnesses,
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and fatalities both nationwide and separately for those states participating in this
program.

Summary data on nonfatal injuries and illnesses are released first that identify the
number and rate of injuries and illnesses by industry. After more analysis is com-
pleted, case and demographic data provide additional details on the worker injured,
the nature of the disabling condition, and the event and source producing that con-
dition for those cases that involve one or more days away from work. Fatality data
provides information on 28 separate data elements including information on the
worker, the fatal incident, and the machinery or equipment involved.

Bureau of Labor Statistics Handbook of Methods

The Bureau of Labor Statistics Handbook of Methods provides detailed information
on the various statistical and sampling procedures the Bureau of Labor Statistics uses
to summarize the incidence of occupational injuries, illnesses, and fatalities in the
United States. The Bureau of Labor Statistics has been collecting this type of data
since the 1940s. However, it wasn’t until the passage of the Occupational Safety and
Health Act of 1970 when the Bureau of Labor Statistics was given the responsibility of
developing a formal data collection and analysis system (Bureau of Labor Statistics
1997, 71).

The Handbook is divided in chapters for each of the major programs for which the
BLS has data collection and analysis responsibilities. Chapter 9, Occupational Safety
and Health Statistics is divided into two major subdivisions: Survey of Occupational
Injuries and Illnesses, and Census of Fatal Occupational Injuries.

The Bureau of Labor Statistics uses a variety of statistics to report the occupational
injury and illness experience in the United States. The number of injuries and ill-
nesses are reported nationwide and by industry for three basic types of cases (United
States Department of Labor, Bureau of Labor Statistics 1997):

• Lost workday cases

• Days-away-from-work cases

• Nonfatal cases without lost workdays

Days-away-from-work cases, which may also involve restricted workdays, are a sub-
set of lost workday cases, which include days-away-from-work cases and cases involv-
ing restricted work activity only (Bureau of Labor Statistics 1997, 72).

In addition to injury and illness counts, the survey also reports on the frequency (inci-
dence rate) of such cases (Bureau of Labor Statistics 1997, 72). The BLS uses a stan-
dard of 200,000 man-hours of annual exposure when calculating rates. The number
200,000 is equivalent to 100 workers working 40 hours per week for 50 weeks during
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the year. Using rates allows for comparisons across industries and across organiza-
tions of differing sizes. These rates also are useful in evaluating the safety performance
of a particular industry over time or in comparing state-to-state variations in an
industry’s safety record (Bureau of Labor Statistics 1997, 72).

Survey of Occupational Injuries and Illnesses

The BLS administers an annual Survey of Occupational Injuries and Illnesses. The
survey is an indication as to the levels of occupational injuries and illnesses occurring
in the United States. Under the Occupational Safety and Health Act of 1970, most
private employers are now required to record related injuries and illnesses as part of
the recordkeeping standards. If selected through the random selection process, em-
ployers are required to submit their occupational injury and illness information to
the Bureau of Labor Statistics for the purpose of compiling national estimates on the
extent of injuries and illnesses in the workplace.

Census of Fatal Occupational Injuries

A comprehensive source for data concerning occupational fatalities is maintained by
the Bureau of Labor Statistics’ (BLS) Census of Fatal Occupational Injuries (CFOI).
The CFOI is an official, systematic, verifiable count of fatal occupational injuries that
occur during the year (Bureau of Labor Statistics 1997). It has been adopted by the
National Safety Council and other organizations as the authoritative source for a count
of fatal work injuries in the United States.

To ensure that the fatalities are work-related, cases are substantiated with two or more
source documents or a source document and a follow-up questionnaire (Bureau of
Labor Statistics 1997). This data is an excellent resource for establishing benchmarks
and performance measures for occupational fatalities.

DOE Occupational Injury/Illness Indices

The Department of Energy and its contractor injury and illness indicators include
occupational injury and illness rates per 200,000 work hours for total recordable cases,
lost workday cases, lost workdays, and occupational illnesses. In addition, the DOE
has developed two measures used to quantify occupational injuries and illnesses.
These measures are the ratio of Lost Workdays to Lost Workday Cases and the DOE
Safety Cost Index (Training Resources and Data Exchange [TRADE] 1995, 1-60–61).

The ratio of lost workdays to lost workday cases represents a severity measure for the
injuries and illnesses. The higher the ratio, the more days missed per case. The ratio is
calculated using the following formula:
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Ratio of Lost Workdays to Lost Workday Cases
Number of Lost Workdays

Number of Lost Workday Cases
=

Another performance indicator used by the Department of Energy is the DOE Cost
Index. The cost index applies a weighting factor to the frequency of injury and illness
cases. The more severe the outcome of the case, the greater the weighting factor. The
coefficients are weighting factors, which take into account factors such as dollar costs
analyses and cost-benefit analyses. The index is approximately equal to cents lost per
hour worked. The DOE Cost Index is computed as follows (Training Resources and
Data Exchange [TRADE] 1995, 1-60–61):

Cost Index
D T LWC WDL WDLR NFC

Total Work
= + + + + +100 1 000 000 500 000 2 000 1 000 400 2 000( , , , , , , )

-Hours

Where:
D = The number of deaths.
T = The number of permanent transfers or terminations due to

occupational illness or injury.
LWC = The number of lost workday cases.
WDL = The number of days away from work.
WDLR = The number of restricted workdays.
NFC = The number of non-fatal cases without days away from work or

restricted workdays.

An example of this index in use is as follows:

An organization experienced the following during one calendar year in which there
were 760,500 man-hours worked:

Category Symbol Category of Occupational Injury, Illness, etc. Experience

D Number of deaths 1

T Number of permanent transfers or terminations 3
due to occupational illness or injury.

LWC Number of lost workday cases. 4

WDL Number of days away from work. 15

WDLR Number of restricted workdays. 23

NFC Number of non-fatal cases without days away 1
from work or restricted workdays.

Cost Index =
¥ + ¥ + ¥ + ¥ + ¥ + ¥[ ]100 1 000 000 1 500 000 3 2 000 4 1 000 15 400 23 2 000 1

760 500

( , , ) ( , ) ( , ) ( , ) ( ) ( , )

,

Cost Index = 333.22
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This index value indicates that for every hour worked, the organization lost $3.33 due
to occupational injuries, deaths, and lost workdays. This index value can be com-
pared to other organizations, and from year to year. With some idea as to what an
“acceptable” index value is, it can be used to benchmark safety performance.

Six Sigma’s Capability Index

Six Sigma is a highly structured program for improving business processes involving
an intense effort to reduce process variation to a minimum, so that processes consis-
tently meet or exceed customer expectations and requirements (Pyzdek 2001, 19). Six
Sigma is a disciplined methodology of measuring and improving the quality of an orga-
nization’s products and processes with the goal of eliminating all defects. General Elec-
tric, one of the early adopters of Six Sigma, uses the program as a quality objective
that specifies the variability required of a process, in terms of product specifications,
to improve quality and reliability.

While Six Sigma was originally used for developing continuous improvement pro-
grams related to production, many of its management structure components and
methodologies can be applied to safety performance improvement in the workplace.
One useful measure frequently used in Six Sigma is the capability index.

The Capability Index

The Capability Index (Cpk) is a measure of how well the process is in control—or
otherwise stated, free from defects or departures from what can be statistically con-
sidered “normal.” The Capability Index tells you if the process is truly capable of meet-
ing the outcomes requirements.

The Capability Index (Cpk) is calculated as follows (Juran and Godfrey 1999, 22.18):

Cpk
Minimum of the Z or ZL U=

3

Where:

Z
Mean LSL

S dard DeviationL = -
tan

Z
USL Mean

S dard DeviationU = -
tan

And:
ZU is the Upper Process Location
ZL is the Lower Process Location
USL is the Upper Specification Limit
LSL is the Lower Specification Limit
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To calculate the Capability Index for a process, information about the process must
be known including an acceptable average, upper and lower specification limits, and
the knowledge that the process is in statistical control. An acceptable value for ZL and
ZU is 3.00 or greater. Referring to a Z table, a ZU value of 3.00 indicates that approxi-
mately .1% of the readings will be above the upper limit while a ZL value of 3.00 indi-
cates that approximately .1% of the readings will be below the lower limit.

Applying Six Sigma Process Capability to Safety

Suppose data was collected for an organization pertaining to a ventilation system
designed to maintain air quality in a painting operation. With the system operating,
data over the past three months indicated that the airborne lead levels averaged 19.98
ppm with a standard deviation of .02 ppm. The safety manager wishes to maintain
the air levels at 20.0 ppm while engineering design data on the air handling system
indicates that it is capable of maintaining air lead levels within .01 ppm.

The first step is to establish the upper and lower specification for the air handling
system. The Upper Specification Level is the upper acceptable tolerance level for the
air handling system. In this example, the desired average level is 20 ppm while the
system is designed to maintain that level plus or minus .01 ppm. The Upper Specifi-
cation Level is determined using the desired average level of 20 ppm + .01 ppm = 20.01
ppm while the Lower Specification Level would be 20 ppm - .01 ppm = 19.99 ppm.

The Upper Process Location (ZU) is calculated using:

Z
USL Mean

S dard DeviationU = -
tan

or

ZU = - =20 01 19 98
02

1 5
. .

.
.

The obtained Z
U

value of 1.5 is unacceptable since a minimum value of 3.0 is desired.
A Z

U
value of 1.5 indicates, using a Z table, that approximately 7% of the readings are

expected to be above the upper specification level of 20.01 ppm.

The Lower Process Location (Z
L
) is calculated using:

Z
Mean LSL

S dard DeviationL = -
tan

or

ZL = - = -19 98 19 99
02

5
. .

.
.



149Performance Indices

A ZL value of - .5 indicates, using a Z table, that approximately 30% of the readings
would be below the lower specification level, which in this example, would indicate
that exposure to the air contaminants would be even less than expected.

The next step is to determine the Capability Index (Cpk) for the system. Cpk is calcu-
lated by using the smaller value of either the Upper Process Location (ZU) or Lower
Process Location (ZL). In this example, ZL is the smaller value with - .5, therefore, the
Process Capability (Cpk) is calculated and interpreted as follows:

Cpk = - = -.
.

5
3

16

Since the result of - .16 is less than 1.00, which is required, and 1.33, which is pre-
ferred, the Capability Index indicates that the air handling equipment is not capable
of meeting the requirements of controlling the air contaminant levels to a sufficient
level as defined by the process specifications. In approximately 37% of the samples
would be expected to be outside of the desired upper and lower specification ranges.
While the lower readings in this example would be beneficial, the readings above the
upper level could pose increased risks.

Summary

A number of safety performance indices are available to the safety manager for mea-
suring safety performance. In previous chapters, measures of safe behaviors, insurance
indices, and training program effectiveness were presented. This chapter presented
performance indices from a variety of organizations. The Occupational Safety and Health
Administration’s incidence rates measure rates of death, lost workdays, and incidents.
To quantify the severity of a hazard, OSHA uses a penalty system that is based on the
potential severity of the injury that can occur and the probability that a worker can
come into contact with the hazard. Other performance indices include the Bureau of
Labor Statistics’ measures and the Department of Energy’s Safety Cost Index. All of
these indices provide the safety manager with techniques for quantifying safety per-
formance; they also allow for benchmarking against other organizations that use these
same indices.

Chapter Questions

1. The exposure number of 200,000 man-hours represents what in an OSHA inci-
dence rate?

2. What purpose do rates serve?
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3. A company experienced 15 OSHA recordable injuries over a year. The organiza-
tion accumulated 1,220,000 man-hours. What is the OSHA recordable injury rate?

4. When calculating penalties, OSHA may reduce the penalty because of what fac-
tors?

5. What role does the Census of Fatal Occupational Injuries play in national statis-
tics?

6. How is the DOE’s ratio of lost workdays to lost workday cases calculated?

7. What does the DOE’s Cost Index approximate?



151

Safety professionals can draw upon voluntary standards and national consensus stan-
dards to develop safety performance programs, implement continuous improvement
programs related to safety, and develop measures of safety performance. National
consensus standards are developed through a process of obtaining input from in-
dustry representatives on the development of the standard. This representation can
include manufacturers, trade associations, professional organizations, as well as other
standards development bodies in the United States, in other countries, or from inter-
national coalitions such as the European Community.

Voluntary standards can include standards that followed a national consensus approach
and other industry standards that did not obtain a national consensus. Voluntary stan-
dards can also include standards of safety performance developed by a professional
organization or a company.

Some of the most prominent voluntary and national consensus standard organizations
include the American National Standards Institute (ANSI), American Society for Test-
ing and Materials (ASTM), and the American Society of Mechanical Engineers (ASME).
The major international organization that has the primary mission of developing
international standards is the International Organization for Standardization (ISO).

While national consensus and voluntary standards may not be enforceable, unless a
regulatory agency adopts them, such as OSHA, they still serve as a recognized accept-
able level of performance. In some cases, the national consensus standards may be
viewed as the minimum acceptable level of safety performance.

OSHA’s Voluntary Performance Standards

The Occupational Safety and Health Administration’s Voluntary Protection Programs
(VPP) emphasize the importance of worksite safety and health programs in meeting
the goal of the Occupational Safety and Health Act, “to assure so far as possible every
working man and woman in the nation safe and healthful working conditions. . . .”
(United States Department of Labor). Employers that participate in the Voluntary Pro-
tection Programs (VPP) have recognized that an effective safety and health program

15

Voluntary Performance Standards
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affects the bottom line (Garner and Horn 2000, 31). The criteria can be used by any
organization regardless of size or industry.

According to OSHA’s semiannual regulatory agenda, “Worksite-specific safety and
health programs are increasingly being recognized as the most effective way of reduc-
ing job-related accidents, injuries and illnesses” (Garner and Horn 2000, 31). The VPP
criteria lends itself well to performance improvement. It provides measurable activi-
ties that have been shown to improve safety performance. The criteria for the VPP
Program can be found in OSHA’s Directive TED 8.1a—Revised Voluntary Protection
Programs (VPP) Policies and Procedures Manual (1996).

Benefits of VPP

Organizations that use OSHA’s VPP criteria as guidelines for safety performance im-
provement in the workplace experience a number of benefits. Some of the benefits of
participation in the VPP program include (United States Department of Labor 1996):

• Participants are not subject to routine OSHA inspections, because OSHA’s VPP
onsite reviews ensure that their safety and health programs provide superior pro-
tection.

• Establishing and maintaining safety and health programs on the VPP model are
reflected in substantially lower than average worker injury rates at VPP worksites.

• Injury Incidence Rates: In 1994, of the 178 companies in the program, 9 sites had
no injuries at all. Overall, the sites had only 45% of the injuries expected, or were
55% below the expected average for similar industries.

• Lost Workday Injury Rates: In 1994, of the 178 companies in the program, 31 had no
lost workday injuries. Overall, the sites had only 49% of the lost workdays expected,
or were 51% below the expected average for similar industries.

• While protecting workers from occupational safety and health hazards, compa-
nies following the management guidelines mandated for VPP membership also
experience decreased costs in workers’ compensation and lost work time, and
often experience increased production and improved employee morale.

• Documentation of these assertions come from testimony given by safety and
health managers during OSHA hearings on the Safety and Health Program Man-
agement Guidelines, from triennial reports of member sites, and from the litera-
ture cited.

VPP Onsite Evaluation Format for Safety and Health Programs

The following criteria cover all participant VPP sites (United States Department of
Labor 1996) which appear in OSHA’s Directive TED 8.1a - Revised Voluntary Protection
Programs (VPP) Policies and Procedures Manual (1996). These areas can be useful for
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an organization to assist in establishing benchmarks and areas for performance mea-
surement.

1. Management Leadership and Employee Involvement.

Management demonstrates commitment to safety and health protection by
establishing policies and results-oriented objectives for worker safety, establish-
ing goals for the safety and health programs and objectives for meeting that goal,
communicating goals and objectives, and integrating authority and responsibil-
ity for safety and health.

2. Management commitment to maintaining the VPP requirements.

Management demonstrates commitment to the safety program by meeting VPP
safety program requirements.

3. Safety and Health Program Planning.

Management demonstrates safety and health program planning by including
safety and health in the planning processes.

4. Written Safety and Health Program.

A written program should include critical elements such as management leader-
ship and employee involvement, worksite analysis, hazard prevention and control,
and safety and health training. Sub-elements of a basic safety and health program
should also be part of the written program.

5. Top Management Leadership.

Top management should display leadership in implementing the safety and health
program. This includes establishing clear lines of communication with employ-
ees, setting an example of safe and healthful behavior, and ensuring that all work-
ers at the site, including contract workers, continue to be provided equal high qual-
ity safety and health protection.

6. Employee Involvement.

Employees are actively involved in the development and implementation of safety
program activities. Employees are aware of the of VPP program, rights, etc.

There should be meaningful employee involvement that impacts decision-making
and evidence seen by the team that the method has been effective.

The Joint Labor-Management Committee. A joint labor-management com-
mittee should be used in general industry. Employee members appear to have
management duties as regular work assignments.

Construction Industry only: Do all committee members work full-time at the
site?
Have employees been involved in the selection procedures?
Have committee members been given training regarding their responsibility?
How frequently has the committee met?
What is the committee’s role, in inspections, accident investigations?
What is the effectiveness of committee efforts?
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7. Contract Workers.

For General Industry: How does the written program cover contract workers who
are intermingled with the applicant’s employees?

For Construction: How does the written program provide for control of safety and
health conditions for other contractors and subcontractor employees?

What evidence have you seen that all contract employees employed at the site are
still covered by the same quality safety and health protection?

8. Authority and Resources.

Is proper authority still being given so that assigned safety and health responsi-
bilities can be met? Are adequate resources including staff, equipment, and pro-
motions still committed to workplace safety and health?

9. Line Accountability.

Has the system for holding managers, supervisors, and employees accountable
changed since the last onsite evaluation? If so, how? Is this as effective as it was at
the last onsite evaluation? Are authority and responsibility for safety and health
still clearly defined in the written program? Has this been adequately imple-
mented?

10. Safety and Health Program Evaluation.

Does the annual evaluation cover and assess the effectiveness of all aspects of the
safety and health program, including the elements described above and any other
elements?

Worksite Analysis

As part of the VPP process, worksites are evaluated to determine if the VPP program
requirements are being met and that safety has been integrated into the overall func-
tioning of the organization. The following are components of the VPP general safety
program (US Dept. of Labor 1996):

• Planning and integration of safety

• Job monitoring systems, hazard analysis systems

• Site inspections programs with follow-up

• Hazard recognition training

• Employee hazard reporting system and follow-up

• Written accident/incident investigation reporting system in place with follow-up

• System to analyze injury and illness trends over time through a review of injury/
illness experience hazards identified through inspections, employee reports, and
accident investigations
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Applying OSHA’s VPP Criteria to a Safety Metrics
Program

The Occupational Safety and Health Administration’s VPP Program criteria can be
used to establish safety performance measures for the workplace. The requirements
are activity-based, which means they are easily applied to a monitoring and assess-
ment program. The safety metrics could consist of monitoring and recording whether
the activities have been conducted.

As part of the VPP program, an evaluation process should be established to deter-
mine if the activities have been completed and assess how effective the activities have
been in preventing accidents and minimizing losses. Finally, the VPP criteria also estab-
lish guidelines for conducting surveys of the worksites and interviewing employees;
while these guidelines were designed for OSHA personnel to follow, safety personnel
can also use them to conduct worksite evaluations. Remember that although the VPP
criteria are the minimum for the workplace, they can be used as a starting point and
expanded using a variety of other activity-based safety measures.

With these activity-based performance measures, there is also a variety of safety
metrics that can be used to assess program performance. As identified by OSHA in
studies of VPP organizations, OSHA injury incidence rates, lost work day rates, and
workers’ compensation losses are a few safety metrics that have been correlated to
the performance of the VPP criteria activities. These measures can easily be expanded
to include unsafe behaviors, accident trends, and near misses.

American National Standards Institute

The American National Standards Institute (ANSI) promotes the use of U.S. standards
internationally, advocates U.S. policy and technical positions in international and
regional standards organizations, and encourages the adoption of international stan-
dards as national standards where these meet the needs of the user community
(American National Standards Institute 2001). ANSI is the sole U.S. representative
and dues-paying member of the two major non-treaty international standards orga-
nizations, the International Organization for Standardization (ISO), and, via the U.S.
National Committee (USNC), the International Electrotechnical Commission
(IEC)(American National Standards Institute 2001).

American Society of Mechanical Engineers

Founded in 1880 as the American Society of Mechanical Engineers, today ASME Inter-
national is a nonprofit educational and technical organization serving a worldwide
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membership of 125,000. The goals of ASME are to promote and enhance the technical
competency and professional well-being of members, and through quality programs
and activities in mechanical engineering, better enable its practitioners to contribute
to the well-being of humankind (American Society of Mechanical Engineers 2002).

AMSE conducts one of the world’s largest technical publishing operations, holds some
30 technical conferences and 200 professional development courses each year. ASME
is responsible for many industrial and manufacturing standards.

National Fire Protection Association

NFPA has been a worldwide leader in providing fire, electrical, and life safety to the
public since 1896 (NFPA 2002). The mission of the international nonprofit organiza-
tion is to reduce the worldwide burden of fire and other hazards on the quality of life by
providing and advocating scientifically based consensus codes and standards, research,
training and education (NFPA 2002). The NFPA publishes of the National Electrical
Code, the Life Safety Code, and 300 other codes and standards through a full, open-
consensus process (NFPA 2002).

American Society for Testing Materials

ASTM International is a not-for-profit organization that provides a forum for the devel-
opment and publication of voluntary consensus standards for materials, products,
systems, and services (ASTM 2000). More than 20,000 members representing pro-
ducers, users, ultimate consumers, and representatives of government and academia
develop documents that serve as a basis for manufacturing, procurement, and regu-
latory activities. ASTM publishes standard test methods, specifications, practices,
guides, classifications and terminology for materials, products, systems, and services
(ASTM 2000).

International Organization for Standardization

The International Organization for Standardization, commonly referred to as ISO, is
a non-governmental organization founded in 1947 with headquarters in Geneva,
Switzerland (ISO 2001). It is a federation of national standards bodies from some 130
countries, one body from each country. Its mission is to promote the development of
standardization and related activities in the world with a view to facilitating the inter-
national exchange of goods and services and to developing co-operation in the spheres
of intellectual property, scientific, technological, and economic activity. ISO’s work
results in international agreements, which are published as international standards
(Oluoch-Wauna and Lucas O. 2001, 4). One note about the term “ISO” is that many
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believe ISO is an acronym for the organization, which it is not. The term ‘ISO’ is a
word derived from the Greek isos, meaning “equal.”

ISO is structured into approximately 180 technical committees (TCs) each of which spe-
cialize in drafting standards in a particular area. In 1979, ISO formed Technical Com-
mittee 176 (TC 176) to develop global standards for quality management and quality
assurance systems. ISO/TC 176 is the “umbrella” committee under which the ISO
9000 series of quality management and quality assurance standards are being devel-
oped (International Organization for Standardization Technical Committee 176 2001).

Using Voluntary and National Consensus Standards in
a Safety Metrics Program

Voluntary and national consensus standards can be very useful in the development
and implementation of a safety performance improvement program. These standards
can serve two purposes: first, national consensus standards can provide an accepted
management structure for the safety performance program, and second, national
consensus standards can serve as a basis for establishing acceptable safety perfor-
mance levels and a means for measuring safety performance.

National consensus standards such as ISO 9000:2000 and ISO 14000 have a manage-
ment structure component to them which can easily be adapted to a safety perfor-
mances improvement program. For example, instead of using ISO 9000:2000 to focus
on a quality product, a safety management structure can be established to focus on a
safe work environment. With the safety management system developed and docu-
mented, attention can then be directed to the continuous improvement processes in
the organization. Activities in implementing the improvement process as it pertains
to safety includes identifying data needs, collecting safety performance data, com-
paring the data against benchmarks, and implementing control measures to improve
safety performance.

National consensus standards can be used to formulate performance levels and safety
metrics. Because the standards are already developed, and most cases viewed as an
industry-accepted level of performance, the safety manager may choose to adopt the
standards—thus eliminating the need to create new performance measures. Because
the national consensus standards have been adopted as acceptable performance
within an industry, the additional burden of having to validate acceptability has also
been addressed through the standards development process.

Summary

There are numerous safety organizations and professional standards bodies that have
developed voluntary and national consensus standards. The safety manager can adapt
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these consensus standards to establish safety performance standards in the work-
place. Some examples of sources for standards that can be applied to safety perfor-
mance programs include the American National Standards Institute, National Fire
Protection Association, and the International Organization for Standardization. These
organizations and others publish thousands of safety standards that can be incorpo-
rated into any safety performance program.

Chapter Questions

1. What does VPP represent?

2. Describe the benefits of cooperating with OSHA in the VPP program.

3. Describe some of the benefits of participating in OSHA’s VPP program.

4. Describe the components of a safety program that would indicate management
leadership and involvement.

5. How can OSHA’s VPP program criteria be used to improve safety performance?

6. Describe the process of participating in OSHA’s VPP program.

7. Describe the components of a safety program that would indicate line account-
ability.

8. Describe five areas that would be evaluated during the worksite analysis of the
VPP program.

9. What provisions for contract workers should be made?

10. Describe the components of a safety program that would indicate acceptable safety
and health training.

11. Differentiate between national consensus standards and voluntary standards.

12. Describe the American National Standards Institute’s role in developing consen-
sus standards.
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Appendix A

Control Chart Table
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3M’s Waste Ratio: 3M calculates a simple “Waste ratio” to assess the environmental per-
formance of their operations by the formula: (waste)/(waste + products + by products).

American National Standards Institute (ANSI): promotes the use of U.S. standards
internationally, advocates U.S. policy and technical positions in international and
regional standards organizations, and encourages the adoption of international stan-
dards as national standards where these meet the needs of the user community.

American Society for Quality (ASQ): assists in administering the Award Program
under contract to NIST. ASQ is dedicated to the ongoing development, advancement,
and promotion of quality concepts, principles, and techniques.

American Society for Testing Materials (ASTM): a not-for-profit organization that
provides a forum for the development and publication of voluntary consensus stan-
dards for materials, products, systems, and services.

American Society of Mechanical Engineers (ASME): a nonprofit educational and tech-
nical organization created to promote and enhance the technical competency and
activities in mechanical engineering.

Attribute Charts: used when the data being measured meet certain conditions or
attributes. Attributes are involved in any situation where you have a quality charac-
teristic that can be considered categorical (Griffin 2000).

Audit: the monitoring function conducted in an industrial organization to locate and
report existing and potential hazards, or man-environment systems or conditions,
that have the capacity to cause accidents or illnesses in the workplace.

Balanced Scorecard: a management system (not only a measurement system) that
enables organizations to clarify their vision and strategy and translate them into
action. It provides feedback around both the internal business processes and exter-
nal outcomes in order to continuously improve strategic performance and results.

Bar Chart: a visual comparison of quantitative and categorical data; two or more series
of data with multiple categories can be presented on the same chart for comparison
purposes.

Glossary
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Behavior-Based Safety: a process designed to reduce the frequency of work-related
accidents by first reducing the frequency of negative or inappropriate employee
behaviors.

Benchmarking: the planned, deliberate process of seeking out and targeting com-
petitive continuous improvement by emulating industry’s “best practices.”

Binomial Probability: a probability in which only two possible outcomes for an event
are possible—such as a “heads/tails” or “yes/no” situation; the distribution of these
probabilities is considered to be binomial.

Bivariate Correlations: a correlation with two variables, a dependent variable signi-
fied by the Y-axis and the independent variable signified by the X-axis. The indepen-
dent variable influences the dependent variable.

Black Belt (BB): employees trained in Six Sigma whose main purpose is to lead qual-
ity projects and work full time until they are complete. Black Belts can typically com-
plete four to six projects per year with savings of approximately $230,000 per project.

c-Chart: a chart used for “Poisson” processes. This type of chart, for example, can
monitor the number of “events” in each of many equal samples (constant sample
size). Occurrence reporting data (i.e.: number of accidents per month) empirically
appear to fit the “Poisson” model. 

CIPP Evaluation Model: an evaluation framework to serve managers and adminis-
trators facing four different kinds of educational decisions; context evaluation, input
evaluation, process evaluation, and product evaluation.

Canada’s National Quality Institute: a not-for-profit organization that provides stra-
tegic focus and direction for Canadian organizations to achieve excellence, enabling
Canada to set the standard for quality and healthy workplace practices throughout
the world.

Categorical Data: data that represents categories; also called discrete data. Categori-
cal data with only two categories can be referred to as dichotomous data.

Cause and Effect Analysis: an analysis that is focused on attacking a problem rather
than on fixing blame, useful in any kind of process capability analysis, not only as the
result of attributes inspection and Pareto Analysis.

Combined Ratio: the expense ratio plus the loss ratio equals the “combined ratio.”

Competitive Benchmarking: generally focuses on direct competitors within the same
industry and with specific comparable business operations, or on indirect competi-
tors in related industries (perhaps key customers or suppliers) having complemen-
tary business operations.
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Compound Probabilities: the probability of the occurrence of multiple events in a
situation. However, instead of determining the failure due to all events occurring at
the same time, a person may wish to determine the occurrence of one or more event
at a time.

Conditional Probabilities: a probability in which some condition or restriction is
placed upon the sample that is being used to determine the probability.

Continuous Improvement Process: defining goals, measuring performance, and
implementing follow-up action to improve performance.

Control Chart: a statistical device principally used for the study and control of repeti-
tive processes. A control chart is a run chart with the addition of a line indicating the
running average and two lines indicating the upper and lower control limits.

Correlation Procedures: used to indicate a measure of association between two or
more variables.

Critical Behaviors: behaviors that have been identified as being critical to safety per-
formance in the workplace. These behaviors can be identified using one of four dif-
ferent sources; incident reports, employee interviews, job observations and review of
work rules and procedure manuals.

Cumulative Sum Trend Analysis Technique: a plot of the cumulative sequential dif-
ferences between each data point and the process average over time. A positive slope
of the graph indicates an average higher than the process average; a flat slope indi-
cates an average the same as the process average; and a negative slope indicates an
average less than the process average.

Current Indicators: indicators of how well the management systems are working at
the present time.

Descriptive Statistics: statistical techniques that are used to describe the population
or sample. Commonly used descriptive statistics include measures of central ten-
dency; mean, median and mode and measures of variability; range, variance and stan-
dard deviation. Additional descriptive measures can include percentages, percentiles
and frequencies.

DOE Cost Index: applies a weighting factor to the frequency of injury and illness cases.
As a result, the index is approximately equal to cents lost per hour worked.

Economic Analysis: a traditional approach to analyis using the time value of money
as the central concept. The time value of money is represented by discounting the
cash flows produced by the investment to reflect the interest that would, in effect at
least, have to be paid on the capital borrowed to finance the investment.
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Environmental Accounting: a measurement of the environmental liabilities a firm
faces due to its activities or an evaluation of the internal environmental costs for busi-
nesses.

Environmental Assessment of Sites and Organizations (EASO): an assessment that
may be done during operations or at the time of acquisition or divesture of assets or
may be conducted as part of a broader business assessment often referred to as ‘due
diligence’.

Environmental Auditing: evaluations of the procedures a firm uses to avoid environ-
mental damages and to limit environmental liabilities.

European Foundation for Quality Management (EFQM): founded in 1988 by the Presi-
dents of 14 major European companies, with the endorsement of the European Com-
mission. The EFQM helps European businesses make better products and deliver
improved services through the effective use of leading edge management practices.

European Quality Award: Europe’s most prestigious Award for organizational excel-
lence and the top level of the EFQM Levels of Excellence.

European Union’s Eco-Management and Audit Scheme (EMAS): codified in the EU
as the Eco-Management and Audit Regulation (EMAR). At this time, EMAR is a volun-
tary regulation for organizations in Europe, providing requirements for an EMS and
environmental auditing program.

Expected Loss Ratio: a formula used by insurance companies to relate expected in-
come to expected losses. The formula for the expected loss ratio is (expected incurred
losses + expected loss adjusting expense) expected earned premiums.

Expense Ratios: costs to the insured in excess of the losses. Insurers must pay expenses
such as special services like attorneys fees, rental fees, supplies and taxes all of which
form a cost of doing business.

Experience Modification Rating (EMR): rating given to companies by the National
Council on Compensation Insurance (NCCI) or other insurance rating groups. The
rating system was established to provide all insureds with a level playing field, which
protects both insurance companies and those whom they insure.

Expertise-Oriented Approach: the worth of a curriculum would be assessed by cur-
riculum or subject-matter experts who would observe the curriculum in action, ex-
amine its content and underlying learning theory or, in some other way, glean suffi-
cient information to render a considered judgment about its value.

Failure Modes and Effects Analysis: systems safety technique that analyzes systems’
individual components for the purpose of identifying single point hazards.

Fault Tree Analysis: systems safety technique that utilizes a top down analysis approach,
failure trees and Boolean logic.
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Formative Evaluations: evaluations conducted during the operation of a program to
provide program directors evaluative information useful in improving the program.

Functional Benchmarking: a comparison of performance and procedures between
similar business functions, but in different organizations and industries.

Generic Benchmarking: benchmarking undertaken with external companies in dif-
ferent industries, which represent the ‘best-in-class’ for particular aspects of the se-
lected business operations.

Genichi Taguchi: Japaneese engineer who developed a systematic approach for the
application of experiments to improve product design and process quality.

Global Reporting Initiative (GRI): a long-term, multi-stakeholder, international
undertaking whose mission is to develop and disseminate globally applicable
sustainability reporting guidelines for voluntary use by organizations reporting on
the economic, environmental, and social dimensions of their activities, products and
services.

Green Belt (GB): employees trained in Six Sigma who spend a portion of their time
completing projects, but maintain their regular work role and responsibilities. Depend-
ing on their workload, they can spend anywhere from 10% to 50% of their time on
their project(s).

Histograms: charts that use continuous data and depict the obtained values on the
continuous scale for each subject in the sample or population.

Incurred Losses: both losses paid out as benefits and administrative costs of process-
ing these claims. The earned premium is that portion of the total charged to cover
risk taken by the insurance company.

Insurance Loss Ratios: loss ratio, expense ratio, and combined ratio.

Internal Benchmarking: benchmarking done within an organization and typically
between closely related divisions, similar plants or operations, or equivalent busi-
ness units, using common or shared performance parameters as a basis for compari-
son to internal criteria only.

International Organization for Standardization: a non-governmental organization
headquartered in Geneva, Switzerland. It is a federation of national standards bodies
with a mission to promote the development of standardization and related activities
in the world.

Interstate Experience Rating: a multi-state experience rating program developed by
the National Council on Compensation Insurance for employers with multi-state
operations. The experience of all the states is combined to determine the employer’s
experience modification.
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Interval Data: a form of continuous data with zero as a placeholder on the scale.

ISO 9000: a set of international quality management system standards and guide-
lines. Since their initial publication in 1987, they have earned a global reputation as
the basis for establishing quality management systems.

ISO 14000: Environmental Management Standards that provide a framework for busi-
nesses to voluntarily manage the environmental impact their products, processes
and businesses have upon the environment.

ISO 9000:2000: involved in auditor certification or training, certification/registration
of management systems, and accreditation or standardization in the area of confor-
mity assessment.

Joint Event Probability: the probability of an event in which the researcher asks the
question “What is the probability of event A and event B occurring at the same time?”

Leading Indicators: measures that can be effective in predicting future safety perfor-
mance.

Life Cycle Assessment: environmental analyses used to examine environmental im-
pacts along various points in the life cycle of the product, process, or activity.

Line Chart: charts used make comparisons of groups of continuous data. Each line
represents a different group while the points on the lines represent the obtained val-
ues for each measurement period.

Loss Ratio: a formula used by insurers to relate loss expenses to income. Formula:
(incurred losses + loss adjustment expenses) earned premiums.

Malcolm Baldrige National Quality Award: created by Public Law 100-107, signed
into law on August 20, 1987. The award recognizes quality management systems.

Manual Premium: the premium developed by multiplying a published workers’ com-
pensation employee classification rate by each $100 of payroll for that employee clas-
sification.

Master Black Belt (MBB): employees trained in Six Sigma who work with the owners
of the process to ensure that quality objectives and targets are set, plans are deter-
mined, progress is tracked, and education is provided. In the best Six Sigma organi-
zations, process owners and MBBs work very closely and share information daily.

Measures of Central Tendency: statistics measures that describe how closely the data
groups together. There are three measures of central tendency. They are the mean,
median, and mode.

Measures of Variability: measures that indicate the spread of the data. The three mea-
sures of variability are the range, variance, and standard deviation.
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MIL STD 882D: a military standard that specifically deals with system safety tech-
niques and program requirements.

Modified Premium: the manual premium developed for an employer multiplied by
the employer’s experience modification.

np-Charts: charts used to analyze nonconforming items over a constant area of oppor-
tunity and with constant sample sizes.

National Fire Protection Association: international nonprofit organization with a
mission to reduce the worldwide burden of fire and other hazards on the quality of
life by providing and advocating scientifically based consensus codes and standards,
research, training and education.

Normal Distribution: a hypothetical distribution that would be expected when com-
pletely random, continuous data is collected from a population. The normal distri-
bution is commonly referred to as the “bell-shaped” curve because of its noted shape,
which resembles the outline of a bell.

North American Industry Classification System (NAICS): replaces the U.S. Standard
Industrial Classification (SIC) system. NAICS is the first-ever North American indus-
try classification system. The U.S., Canada, and Mexico developed the system to pro-
vide comparable statistics across the three countries.

Ordinal Data: rank order data. Ordinal means order, and ordinal data allows the re-
searcher to order the data in some fashion.

OSHA-Based Incidence Rates: one of the more common methods of measuring safety
performance, including OSHA recordable injury incidence rates, recordable illness
incidence rates, death rates, and lost day case injury rates.

OSHA’s Gravity-Based Penalty System: establishes the initial penalty based on the
potential severity of loss that the hazard poses and the probability that an injury or
illness could occur because of the alleged violation.

OSHA’s VPP Program: program designed to recognize and promote effective safety
and health management.

p-Chart: a chart used with “binomial” data. P-charts are used for results of go-no go
tests.

P-D-C-A Cycle: Plan-Do-Check-Act management process that underlies the continual
improvement process.

Pareto Analysis: is used to identify and evaluate types of nonconformities. The Pareto
Diagram will direct attention to the most frequent nonconformities but not neces-
sarily to the most important.
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Pareto Principle: states that in any population that contributes to a common effect, a
relative few of the contributors – the vital few – account for the bulk of the effect.

Pearson Correlation Procedure: is used when both variables are continuous in nature.

Penalty Factors: factors used to reduce the penalty from the initial gravity-based pen-
alty level. The three factors are the size of the business, the good faith of the employer,
and the employer’s history of previous violations.

Perception Surveys: surveys used to measure attitudes toward, and acceptance of,
safety and health programs.

Performance Indexing: requires the results of the audit to be quantified in a manner
that allows for comparisons against performance benchmarks.

Performance Measures: indicators that focus on gaps or other factors that can affect
a site’s safety and business success.

Pie Chart: a chart in which each component of the series (of quantitative or qualita-
tive data) is represented by a wedge (piece of pie) proportional to its frequency in the
series.

Poisson Probability: the probability of an event if the frequency of occurrence of the
event is quite low compared to the overall exposure.

Procedure Analysis: technique used to examine the steps in a procedure or task for
the purpose of identifying hazards and developing prevention strategies.

Process Capability: the measured, inherent reproducibility of the product turned out
by the process. Inherent reproducibility refers to the uniformity resulting from a pro-
cess that is in a state of statistical control.

Program Logic Model: a model describing the course of action a program takes to
achieve its vision and strategic goals, often used in a setting in which program staff,
partners, and customers collaborate.

QS-9000: shorthand name for “Quality System Requirements QS-9000.” It is the com-
mon supplier quality standard for Chrysler Corporation, Ford Motor Company, and
General Motors Corporation.

r-Chart: a control chart that plots the ranges of the samples. The range of the sample
is the difference between the largest observation and the smallest.

Range: the difference between the lowest value and the highest value data points.

Ratio Data: continuous data that does not have zero as an arbitrary placeholder on
the scale. Zero on this scale represents absence of the characteristic.
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Ratio of Lost Workdays to Lost Workday Cases: a severity measure for injuries and
illnesses.

Regression: procedures that allow a person to develop a prediction equation that can
be used to predict dependent variables from independent variables.

Responsible Care: an obligation of membership in the American Chemistry Council
that requires member companies to continually improve their health, safety, and envi-
ronmental performance; listen and respond to public concerns; and assist each other
to achieve optimum performance.

Root Cause Analysis: analysis that identifies causal factors relating to a mishap or
near-miss incidents.

Run Chart: a preliminary display of the performance indicator data. It is simply the
raw data for each time interval plotted on a chart. Average and control limits have not
yet been added.

s-Chart: an x-chart with the sample standard deviation, s, used in place of the sample
range to measure the process dispersion.

Safety Goals: are more long range than objectives and they may or may not be quan-
titatively measurable

Safety Metrics: the body of knowledge used to quantify and measure safety perfor-
mance.

Safety Metrics Program: the process of systematically gathering data and analyzing
it in an attempt to determine whether the organization’s performance goals have been
met.

Safety Objectives: cover a shorter term and are always measurable.

Scatterplots: a graph containing a cluster of dots that represents all pairs of observa-
tions. Each point on a scatterplot represents one case.

Simple Event Probabilities: probabilities in which the researcher compares the num-
ber of times an event occurred to the total number of possible outcomes.

Six Sigma: a highly structured program for improving business processes.

Society of Automotive Engineers: a society consisting of over 83,000 engineers, busi-
ness executives, educators, and students that serves as a network, shares informa-
tion, and exchanges ideas for advancing the engineering of mobility systems.

Standard Deviation: the square of the average difference from the mean for the scores
in a distribution.
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Standard Industrial Classification Manual: contains the Standard Industrial Classi-
fication which is used to classify establishments by type of activity in which they are
engaged.

Summative Evaluation: an evaluation conducted at the end of the program to pro-
vide potential consumers with judgments about the programs worth or merit.

Total Quality Management: a management philosophy focusing on perpetual process
enhancement, through the prevention of problems and errors; continual monitoring
and control of processes, performance, and quality; the placing of the customer at the
hub of attention; as well as a sense of awareness, commitment, and involvement on
the part of management, all the workers, the customers, and suppliers.

Toxic Release Inventory: raw flux measurement system; mandated by the 1986 Emer-
gency Planning and Community Right-to-Know Act.

Trailing Indicators: the traditional metrics that measure past safety efforts.

Trending and Forecasting: techniques used for detecting past patterns and project-
ing them into the future.

Tylerian Evaluation Approach: a process by which one determines the extent to which
the educational objectives of a curriculum are being achieved.

u-Chart: a chart used to count “defects” per sample when the sample size varies for
each “inspection”.

UCLA Evaluation Model: as defined by UCLA—“the process of ascertaining the deci-
sion areas of concern, selecting appropriate information, and collecting and analyzing
information in order to report summary data useful to decision-makers in selecting
among alternatives.”

Underwriting Expenses: costs of writing a policy, sales commissions, salaries, office
space, etc. The written premium is that portion of the total premium charged to cover
these expenses. Typically, the written premium is about 30 percent of the total; the
remaining 70 percent covers claims—both legitimate and fraudulent—made against
the insurance company.

Variance: a measure of how much the individual data points vary from the distribu-
tion mean. The variance is the average of the squared deviations from the mean.

W. Edwards Deming: an American statistician, educator, and consultant whose ad-
vocacy of quality-control methods in industrial production aided Japan’s economic
recovery after World War II and its subsequent rise to global supremacy in many indus-
tries in the late 20th century.

x-Chart: a chart used primarily with “variable” data, which are usually measurements
such as the length of an object, the time it takes to complete a process, or the number
of objects produced per period.
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Chapter 1

1. Provide examples of three different measures that are commonly used to mea-
sure safety performance:

Number of work injuries, number of lost workdays, financial losses.

2. Historically, how well have the performance measures safety professionals selected
measured performance?

Historically, practitioners have chosen ineffective, inadequate, and invalid measures.

3. What is safety metrics?

Safety metrics is the group of business practices and statistical procedures that is
used to implement a process of measuring safety programs for determining accept-
able levels of performance.

4. What is a safety metrics program?

A safety metrics program includes the activities of program development,
benchmarking, auditing, measuring performance, evaluating outcomes, and
managing the program based upon the outcomes.

5. Describe the safety metrics process:

A safety metrics program requires the process of systematically gathering data and
analyzing it in an attempt to determine whether the organization’s performance
goals have been met.

6. What is the underlying premise of a safety metrics program?

An underlying premise for safety metrics is that of continual performance improve-
ment.

7. Define performance measures:

Performance measures are indicators that focus on gaps and other factors that
can affect a site’s safety and business success.

Solutions to

Chapter Questions
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8. An approach to quantifying performance measures should include what?

The quantification of performance should be done through a systematic approach
involving:

a. Definition of standardized units of measure.

b. Development of instruments and methods that are capable of measuring in
terms of the units of measure

c. Use of the instruments or methods to quantify performance

9. What purpose does data analysis and statistics serve with regards to measuring
safety performance?

Descriptive and inferential statistics can be used to assess safety data with a degree
of statistical significance, thus providing a level of certainty to the results.

10. Describe the current trends in use for measuring safety performance in the work-
place:

Today’s safety professional has moved beyond the standard measurement of safety
performance in terms of the number of accidents or injuries and recordable injury
and illness rates. Examples of performance measures include safe behaviors, pro-
gram implementation, compliance, etc.

Chapter 2

1. Define performance measures:

Performance measures are quantitative measures about an organizational aspect
that provide an indication of the status of what is being measured.

2. What importance do performance measures have for an organization with re-
gards to safety?

Performance measures can be assessed using safety metrics for determining the
status of a safety program.

3. What type of process should one follow when developing performance measures?

Establish a team to develop the performance measures. Determine the organiza-
tional needs. Identify measures that will determine the status of where the organi-
zation is relative to those needs. Measure the status, then determine follow up ac-
tion.

4. Describe a methodology for implementing performance measures in the work-
place:

One example of a methodology is 1) Mission and Vision; 2) Safety Objectives; and
3) Performance Measures.
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5. Define key objectives, outcome measures, and activity measures:

Key objectives are those goals that articulate what a company expects from a busi-
ness process. Outcome measures reflect the company’s key objectives and are used
to determine whether the company has reached them. Activity measures monitor
the performance of activities that are instrumental in reaching the key objectives.

6. Differentiate between qualitative measures and quantitative measures:

Qualitative performance measurements, such as checklists, are commonly used
to assess the status of safety and health programs. Quantitative, or objective, per-
formance measurements are necessary for precision, consistency, and reproduc-
ibility.

7. Describe three benefits of performance measures:

Examples of benefits include:

• Measures are flexible and allow for individual supervisory styles.

• The same measure need not be used for all supervisors.

• They are excellent for use in objective-setting approaches.

• They measure the presence, rather than the absence, of safety.

Chapter 3

1. Define the measures of central tendency and the measures of variability:

Central tendency: mean, median, and mode

Variability: range, variance, standard deviation

2. The following data was collected from CJD Industries over a 12 month period:

Month Number of Injuries

January 5
February 8
March 9

April 5
May 4
June 6

July 7
August 4
September 8

October 9
November 5
December 4
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Calculate the mean, median, mode, standard deviation, range, and variance for
the number of injuries that occurred per month.

Mean: 6.17

Median: 5.5

Mode: 4 and 5

Range: 5

Variance: 3.79

Standard Deviation: 1.95

3. Differentiate between ordinal, nominal, ratio and interval data formats:

Ordinal: rank data

Nominal: categorical data

Interval data: zero exists as a place holder (temperature)

Ratio data: zero represents absence of the characteristic (ie: weight)

4. What percentage of the population would expect to fall between the mean and
two standard deviations?

47.72%

5. If it was determined that the probability of a system failure due to component A is
.0003 and the probability of a system failure due to component B is .0001, what is
the probability of a system failure due to A and B?

3 ¥ 10 - 8

6. If it was determined that the probability of a system failure due to component A is
.0002 and the probability of a system failure due to component B is .0004, what is
the probability of a system failure due to A or B assuming A and B could occur at
the same time?

6.0 ¥ 10 -4

7. It was determined that the probability of having one accident during a five-day
workweek was .003. What is the probability of having exactly 3 accidents in a five-
day work week?

2.7 ¥ 10 -7

8. What are the probability formulas for a joint event, compound event, and simple
event probability?

Joint Event = P(A or B) = P(A) + P(B) - P(A X B)

Compound Event = P(A and B) = P(A) ¥ P(B)

Simple Event = P(A) = Number of Wanted Events/Total number of possible events

9. What is the maximum value a probability can have?

1.00
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10. Describe the impact data representing a sample versus a population has upon
calculating a variance and standard deviation:

When calculating the variance and the standard deviation, if the data represents
a sample, the denominator in the variance is equal to “N - 1.” When calculating
the variance and the standard deviation, if the data represents a population, the
denominator in the variance is equal to “N.”

Chapter 4

1. Differentiate between a run chart and a control chart:

A control chart is a run chart with the addition of a line indicating the running
average and two lines indicating the upper and lower control limits. A run chart
is the raw data for each time interval plotted on a chart.

2. Define the following: x-axis, y-axis, UCL, LCL:

The x-axis on a control chart identifies the time in which the measurement was
taken. The y-axis on a control chart indicates the value of that measurement. The
UCL is the upper control limit and the LCL is the lower control limit. Points lo-
cated outside these limits are consider to be out of control.

3. What is a “run down of 6” mean for a control chart?

A run down of 6 indicates that there are 6 points in succession that are trending
downward at a significant rate.

4. What does it mean when a control chart is “out of control?”

A chart is considered out of control when data indicates trends in data over time
that need to be addressed because they fall outside of the acceptable ranges.

5. If there is a significant change identified on a control chart, what action can be
taken?

Examples include constructing a new control chart with the average control lim-
its or addressing the reasons for the changes, which means evaluating the pro-
gram to identify the reasons for the changes.

6. Describe the uses for p, u, c, and np charts:

• p-chart, for controlling the number of nonconforming items.

• u-chart, for controlling the number of nonconformities per item.

• c-chart, for controlling the number of nonconformities.

• np- chart, for controlling the number of nonconformities.

7. Describe the uses for r, x and s charts:

These control charts are referred to as variable control charts. They are based upon
measurements of quality characteristics.
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8. What is a common number of standard deviations used to signify upper and lower
control limits?

3 standard deviations is common level for upper and lower control limits.

9. The following data was obtained from CJD Industries. Develop an “s chart” for
the data.

Instrument Instrument Instrument
n Reading #1  Reading #2 Reading # 3

1 1.7 1.6 1.9
2 1.8 1.7 1.2
3 1.9 1.8 1.3

4 1.2 1.9 1.4
5 1.4 1.2 1.7
6 1.5 1.3 1.8

7 1.8 1.4 1.2
8 1.9 1.5 1.3
9 2 1.1 1.4

10 2.1 1.4 1.5

The upper and lower control limits for an s chart are calculated as follows:

S = .31

UCL = B(4) ¥ S = 2.568 ¥ .31 = .80

LCL = B(3) ¥ S = 0 ¥ .31 = 0

The standard deviations and average appear in the following table:

Instrument Instrument Instrument Standard
n Reading #1  Reading #2 Reading # 3 Deviation

1 1.7 1.6 1.9 0.15
2 1.8 1.7 1.2 0.32
3 1.9 1.8 1.3 0.32
4 1.2 1.9 1.4 0.36
5 1.4 1.2 1.7 0.25
6 1.5 1.3 1.8 0.25
7 1.8 1.4 1.2 0.31
8 1.9 1.5 1.3 0.31
9 2 1.1 1.4 0.46
10 2.1 1.4 1.5 0.38

Average 0.31
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The completed chart is as follows:

10. What is a Pareto Diagram and Pareto Analysis used to identify?

Pareto Analysis is used to identify and evaluate types of nonconformities. The Pareto
Diagram will direct attention to the most frequent nonconformities but not nec-
essarily to the most important.

Chapter 5

1. What does a correlation indicate?

A correlation indicates the degree to which a relationship exists between variables.

2. What is a bivariate correlation?

A bivariate correlation is a correlation between two variables.
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3. Draw a scatterplot that would be indicative of a strong positive correlation:

4. The following data was obtained from Company CJT. What is the Pearson correla-
tion coefficient:

Case Fire Losses Y2 Minutes for Fire Brigade X2 XY
(Y) to Respond (X)

1 $100 $10000 15 225 $1500

2 $200 $40000 26 676 $5200

3 $250 $62500 54 2916 $13500

4 $500 $250000 40 1600 $20000

5 $200 $40000 18 324 $3600

Sum $1250 $402500 153 5741 $43800

Std Dev $150 16.27
Average $250 30.6

Pearson Correlation Coefficient = .57

5. A correlation procedure yielded a correlation coefficient of .89. What is the coeffi-
cient of determination and what does it represent?

.89 ¥ .89 = .79.  79% of the variability in Y can be explained by the variability in X.

6. What can a regression procedure be used for?

Regression procedures can be used to predict a dependent variable from an inde-
pendent one.
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7. If a correlation equation yielded a correlation coefficient of .89 and the standard
deviation of X was .18 and the standard deviation of Y was .34. The average for X is
3.0 and the average for Y is 3.7. What is the equation of the line?

Y = 1.68(X) + (-1.34)

8. Using the information in Item 7, what would one expect for a value on Y if a value
of 6 was obtained for the X variable?

Y = 1.68(6) + (-1.34) = 8.74

9. How is trending and forecasting used in a safety performance program?

Trending and forecasting can be used to predict future performance based upon
past safety performance.

10. What are the data requirements for the Pearson Correlation Procedure?

In order to use the Pearson Correlation Coefficient, two variables that are con-
tinuous in nature are required. The variables should be in the ratio or interval
format.

Chapter 6

1. What is a scatterpot used to represent?

A scatterplot is a graph containing a cluster of dots that represents all pairs of
observations

2. What is the difference between the variable plotted along the horizontal axis ver-
sus the vertical axis on a scatterplot?

On a scatterplot, the independent variable is plotted along the horizontal axis (X)
and the dependent variable along the vertical (Y) axis.
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3. The following data was collected from Company CJD. Develop a histogram that
represents the data:

Subject Measurement

1 50
2 51
3 50

4 49
5 48
6 50

7 51
8 50
9 49

10 50
11 51
12 48

13 50
14 50
15 51

16 50
17 49
18 50

19 51
20 48
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4. The following data was collected from Company CJD. Develop a line chart that
represents the data:

Time Group #1 Group #2 Group #3

8:00 a.m. 3 2 2
9:00 a.m. 2 3 3
10:00 a.m. 3 3 3

11:00 a.m. 5 1 1
12:00 a.m. 4 4 4
1:00 p.m. 2 4 4

2:00 p.m. 1 5 5
3:00 p.m. 5 4 4
4:00 p.m. 4 2 2

5:00 p.m. 5 2 2
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5. The following data was collected from Company CJD. Develop a pie chart that
represents the data:

Hand Injuries Back Injuries Leg Injuries

Number of Cases 13 36 4

6. The following data was collected from Company CJD. Develop a table that repre-
sents the data:

Group Production Quality Assurance Maintenance

Male Male Male
Female Female Female
Male Male Male

Female Male Male
Male Male Male
Female Male Female

Male Female Male
Female Male Male
Male Male Male

Male Male Female
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Sample Table

Table XX. Frequency of Cases by Gender of the Subject and Department a

Production Quality Maintenance Total
Assurance

Male 6 8 7 21

Female 4 2 3 9

Total 10 10 10 30

aAll cases from CJD Incorporated.

7. What type of data are bar charts typically used to represent?

Bar charts use frequency data collected by categories.

8. What type of data is a line chart typically used to represent?

Line charts use continuous data broken down by groups and collected over a period
of time that is also measured as a continuous variable.

9. When developing a table to present data, what are some general guidelines for
developing the table?

• Tables should be simple. Two or three tables are preferred to one large table.

• Tables should be self-explanatory.

• The title should be clear and concise, to the point. It answers the questions of
what, when, and where.

• Each row and column should be labeled clearly and concisely. The specific
units for the data measured should be given. Columns should be separated
with a vertical line.

• Row and column totals should be shown.

• Codes, abbreviations, or symbols should be explained in detail in a footnote.

10. When developing a line chart to present data, what are some general guidelines
for developing the chart?

Each line represents a different group, while the points on the lines represent the
obtained values for each measurement period. The horizontal axis represents a
continuous variable, such as time, and the vertical axis represents the frequency
data. When constructing the line chart, each line should be distinct from one
another and a legend should indicate what each line represents.
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Chapter 7

1. Provide three examples of benefits that effective leadership can provide a safety
metrics program: 

Developing effective leadership can provide such benefits as:

• managers at all levels providing a more strategic approach to planning im-
provements;

• managers increasing their ability to overcome resistance and encourage the
wholehearted involvement of people in continual improvement activities;

• employees contributing their energy and commitment more willingly to the
aims of the organization;

• individuals improving their performance when working in teams and project
groups;

• better relationships between customers, suppliers and people in other de-
partments.

2. Describe three activities leaders should focus an organization on:

• enabling everyone in the enterprise to develop a shared vision of the future and
planning how to achieve it;

• developing a culture of innovation and continual improvement towards all
products and processes;

• taking positive action to enable everyone at all levels to contribute their full
potential towards the vision and their own work.

3. Describe the four parts of accountability:

Accountability consists of four parts: Identify a person(s), set an agreed upon time,
establish milestone(s) and a formal system.

4. Define collaboration:

Collaboration is the working together by people, departments and organizations
from different backgrounds to meet a common goal.

5. What are the basic requirements of the data used in a performance program?

Basic requirements for performance data include data that is identified, attain-
able and related back to the overall program goals and objectives.

6. Provide some examples of resources that can be used to collect information per-
taining to safety performance:

Some of the traditional resources include accident records, insurance claims, first
aid reports, OSHA records, etc.



193Solutions to Chapter Questions

7. Describe some major downfalls to a safety performance program with regards to
data:

A major downfall for a metrics program is relying upon data that is not easily
obtainable or trying to improve program performance using data that is not valid
or reliable. The data collected also may not be linked to safety performance.

8. Characteristics of ideal data that can be used in a safety performance program
include:

Data should be valid, reliable and easily obtainable.

9. Describe four different types of measurement systems:

• Direct measurement systems are usually used when there is a unit of produc-
tion or an event that is captured in an automated system such as a computer.

• Indirect measurement systems are used when the actual data is not collected at
the time the event occurs.

• Statistical samples can be used to develop estimates where whole data is in-
complete.

• Interviews or surveys to gather metric information are used as a last resort.

10. Describe the overall framework for a safety metrics program:

A safety metrics program consists of identifying the goals and objectives of the
organization. Data needs are identified and measurements that can be used to
determine the status of the organization, then comparisons are made against a
benchmark. If gaps are identified, follow-up action can be implemented.

Chapter 8

1. Define the term “benchmarking”:

Benchmarking, the planned, deliberate process of seeking out and targeting com-
petitive continuous improvement by emulating industry’s “best practices.”

2. What functions does benchmarking serve for an organization?

Benchmarking serves as a measuring stick for the organization by identifying those
organizations that are viewed as the best.

3. An optimum benchmark can be characterized by what qualities?

• The benchmark should be measurable in terms of cost, time, value or some other
quantitative parameter.

• The benchmark should be meaningful and relevant.

• Benchmarks that use simple productivity measures are often the best and often
the most easily accessible.

• The benchmarks should be available in external and competitive environments.
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4. Differentiate between internal benchmarking, functional benchmarking, com-
petitive benchmarking and generic benchmarking:

• Internal benchmarking is done within an organization and typically between
closely related divisions, similar plants or operations, or equivalent business
units, using common or shared performance parameters as a basis for com-
parison

• Functional benchmarking is a comparison of performance and procedures be-
tween similar business functions, but in different organizations and industries.

• Competitive benchmarking generally focuses on direct competitors within the
same industry and with specific comparable business operations.

• Generic benchmarking is undertaken with external companies in different in-
dustries, which represent the “best-in-class” for particular aspects of the selected
business operations.

5. Describe the six steps in the benchmarking process:

They are surveying, identification, prioritization, developing a plan, implement-
ing a plan, and follow-up.

6. Describe the “continuous improvement process:”

Continuous improvement process involves establishing performance measures,
performing, measuring, identifying gaps, and improving.

7. Describe the PDCA management cycle:

The PDCS management cycle is the classic plan-do-check-act (PDCA) cycle.

8. Describe some disadvantages to benchmarking:

• The senior management of an organization may be unsure of the concept or
reluctant to admit that their competitors or other organizations may be more
effective than their own.

• Senior management has a natural tendency to look for quick results, but in best
practices benchmarking there will almost certainly be disappointments and fail-
ures en route.

9. Describe the five-step benchmarking process used by Motorola Corporation:

1. The topics that are to be benchmarked are identified.

2. The approach to be used for gathering data is determined.

3. Benchmarking partners are identified.

4. The benchmarking partner’s approach is carefully studied.

5. An action plan is created.
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Chapter 9

1. Describe the purpose of the auditing process in a safety performance measure-
ment program:

The common purpose of auditing and inspecting is to find and eliminate haz-
ards.

2. Describe three areas that audits can be used to obtain data for a safety metrics
program:

An audit or inspection is the monitoring function conducted in an industrial orga-
nization to locate and report existing and potential hazards, or man-environment
systems or conditions, that have the capacity to cause accidents or illnesses in the
workplace. Another key use for the safety audits is the collection of data and infor-
mation to determine if the safety performance is meeting the desired goals and
benchmarks.

3. Describe three purposes an audit can serve for an organization:

1. reduce injury and illness rates

2. do the “right thing”

3. be in compliance with OSHA regulations

4. Differentiate between a planned and a continuous audit:

Planned audits are conducted periodically at a preplanned date and time. Con-
tinuous audits are conducted on a frequent regular basis.

5. For an audit program, describe some personnel factors one should address when
implementing such a program:

Use trained personnel, provide personnel with an audit instrument and a formal
audit procedure.

6. Describe some characteristics a good audit instrument should follow:

Audits should have instructions or procedures for their completion. Items should
be evaluated in terms of validity and reliability.

7. Differentiate between the validity of an audit instrument and its reliability:

Validity means is the instrument measuring what it is supposed to measure. Reli-
able means does the instrument provide consistent information.

8. Describe some problems that can arise if the audit is not properly linked to the
organization’s performance:

The audit can provide the users wrong information about the safety program and
direct activity to wrong areas.
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9. Describe the importance that follow-up action has in the audit process:

One purpose of the audit is to identify deficiencies. The deficiencies need to be
corrected once they have been identified. The follow-up is key to success of the
audit program.

10. What are some benefits and problems with audits and the audit process?

• Can be construed as faultfinding

• May produce only a superficial laundry list

• May produce no remedial actions

• May produce only inadequate remedial action

• Benefits include providing a source of safety performance information, identi-
fying deficiencies for correcting them.

Chapter 10

1. What does an experience modification factor represent?

The experience rating modification factor attempts to reflect an insured’s actual
losses in relation to the same insured’s premium.

2. What importance do insurance costs have with respect to a safety metrics pro-
gram?

Insurance costs have been shown to be an objective measure for safety program
performance.

3. Describe three categories of insurance expenses that can be monitored?

Three categories of insurance expenses include incurred expenses, expense ratios,
and combined expense ratios.

4. Company A had an EMR of .75 while Company B had an EMR of 2.7. Assuming
they are the same industries with like types of employment, what conclusions
can be drawn?

Company A was paying a workers’ compensation premium that was less than the
expected amount for like types of companies in the same industry. Company B on
the other hand was paying a workers’ compensation premium that was over two
and one half times greater than the expected premium for the same type of industry.

5. What is an expense ratio?

The expenses are costs to the insured in excess of the losses.

6. What importance do combined ratios have?

The expense ratio plus the loss ratio equals the “combined ratio.” The combined
ratio indicates the amount taken in by an insurance company versus the amount
paid out.
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7. What factors can contribute to raising an organization’s EMR?

Examples include the frequency of losses, amount of losses, payroll dollars, and
class codes.

8. Describe three programs that can be implemented to control an organization’s
EMR:

Loss control programs designed to control the frequency of claims, audit programs
to ensure losses are properly recorded and closed out, and self insurance of smaller
claims to reduce the frequency of claims paid by the insurance company.

9. What is a manual premium?

The manual premium is developed by multiplying a published workers’ compen-
sation employee classification rate by each $100 of payroll for that employee clas-
sification.

10. What organization may determine a company’s EMR?

NCCI or other authorized insurance rating organization.

Chapter 11

1. What does the term Behavior-Based Safety mean?

Behavior-Based Safety refers to a process designed to reduce the frequency of work-
related accidents by first reducing the frequency of negative or inappropriate em-
ployee behaviors.

2. Describe the process of Behavior-Based Safety:

A traditional Behavior-Based Safety process identifies critical behavior, then es-
tablishes management processes that reinforce positive behaviors.

3. What are some examples as to what may influence behaviors in the self directed
stage?

Examples of motivators are those that will elicit a positive response.

4. What is the goal of BBS?

The goal is to educate employees and institute processes that involve them in
behavioral analysis, observation, and correction.

5. What is the primary objective of a BBS program?

The primary objective of measuring safety performance is to provide a feedback
mechanism that will foster continuous improvement.

6. Define “critical behavior.”

Critical behaviors are those behaviors that have been identified as being critical
to safety performance in the workplace.
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7. What are some characteristics of a successful BBS program?

Successful BBS programs use a process blueprint, emphasize communication, dem-
onstrate leadership, ensure team competence, use action-oriented training, use
data to ensure continuous improvement and provide technical resources.

8. How would one go about identifying critical behaviors in an organization?

These behaviors can be identified using one of four different sources; incident
reports, employee interviews, job observations and review of work rules and pro-
cedure manuals.

9. What is the strongest reinforcer for a behavior?

Positive reinforcement of wanted behaviors increases the likelihood that the behav-
ior will be performed again. Motivational interventions include positive incentive
or rewards for targeted behaviors.

10. Differentiate between an incentive and a deterrent:

Incentives are rewards that promote wanted behaviors while deterrents are nega-
tive reinforcers that punish unwanted behaviors.

Chapter 12

1. Describe three different types of measures that can be used to assess safety train-
ing:

Different types of measures include student reaction reflects receptiveness to the
training, behavioral measure focusing on the actual transfer of knowledge gained
for the workplace and results measure that assess productivity gain.

2. What are some useful purposes for evaluating safety training?

Useful purposes include providing a basis for decisions and policymaking, assess-
ing participant achievement, evaluating training program content and improv-
ing training materials and programs.

3. Distinguish between formative and summative evaluation:

Formative evaluations are conducted during the operation of a program to pro-
vide program directors evaluative information useful in improving the program.
Summative evaluation is conducted at the end of the program to provide poten-
tial consumers with judgments about the programs worth or merit.

4. Distinguish between qualitative and quantitative evaluation:

Qualitative evaluations are conducted in natural settings; utilizes the researcher
as the chief “instrument” in both data-gathering and analysis; emphasizes “thick
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description,” that is, obtaining “real,”  “rich,” “deep,” data which illuminate every-
day patterns of action and meaning from the perspective of those being studied;
tends to focus on social processes rather than primarily or exclusively on outcomes.
Quantitative evaluation by contrast, generally focuses on the testing of specific
hypotheses that are smaller parts of some larger theoretical perspective.

5. What is the process of designing an objectives oriented evaluation process?

In the objectives oriented evaluation approach, the purposes of some educational
activity are specified, and the evaluation process focuses on the extent to which
the objectives have been achieved.

6. Describe the process for evaluating web-based training programs:

Web training should be subjected to the same forms of evaluation as are other
types of training. Comprehensive evaluations of programs should include assess-
ments of students’ performance on specified outcomes, instructors’ effectiveness,
and the quality of courses and the program.

7. Provide an example that utilizes the UCLA model of evaluation:

An example of using the UCLA model of evaluation for a safety-related situation
is as follows:

System Assessment:  An evaluation is made with regards to the current level of
safety performance in the workplace.

Program Planning:  Based upon the results of the assessment, those aspects of the
safety performance that can be improved through safety training are identified.
An evaluation is conducted to identify appropriate safety training programs.

Program Implementation:  The safety training programs are implemented.  An
evaluation is conducted to ascertain whether the programs have been introduced
to the intended audiences and conducted in the intended manner.

Program Improvement:  Evaluations are conducted to determine whether the train-
ing programs are working and objectives are being met.

Program Certification:  The programs are evaluated with regards to their overall
worth to the organization and potential for use for other safety problems in other
facilities.

8. In order to improve the effectiveness of a training program, describe three areas
that one would address:

Examples of areas to address include: Did trainees learn the course content? Do
they apply training on the job? Does the training make a difference?
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9. Provide an example that utilizes the Tylerian Evaluation Approach:

The Tylerian Evaluation Approach requires the following steps:
Establish broad goals or objectives. Classify the goals or objectives. Define objec-
tives in behavioral terms. Find situations in which achievement of objectives can
be shown. Develop or select measurement techniques. Collect performance data.
Compare performance data with behaviorally stated objectives.

Chapter 13

1. Describe the uses of perception surveys for the purpose of measuring safety per-
formance:

Perception surveys are used to measure attitudes toward and acceptance of safety
and health programs.

2. How would one implement a safety performance measurement program that uti-
lizes discrete observation?

During discrete observation of employee performance, the employee must not be
aware that his/her performance is being evaluated.

3. How can economic analysis be used to assess safety performance?

Economic analysis transforms safety outcomes into tangible financial benefits to
the organization. Economic benefits and losses can be monitored as a performance
measure.

4. What is risk management and how can it be used in a safety performance assess-
ment program?

Risk management involves the measurement of financial returns from safety and
loss control activities. Risk managers evaluate the costs of implementing safety
program activities compared to their costs and the overall savings to the organi-
zation in terms of decreased losses, lowered insurance costs.

5. In the methodology for cost benefit analysis, the first step is identifying stake-
holders. How would one go about completing this step?

Identifying those who are of concern relative to the investments being entertained.
This might include those who will provide the resources that will enable a solu-
tion, those who will create the solution, those who will implement the solution,
and those who will benefit from the solution.

6. What is systems safety and how can it be used to assess safety performance?

Systems safety is the analysis field that utilizes techniques for identifying poten-
tial sources of accidents and losses. Various techniques can be used to assess safety
performance with regards to equipment, people, the environment and processes.
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7. Describe fault tree analysis and how the procedure can be used to assess safety
performance:

The Fault Tree Analysis procedure is a top down analysis procedure that identifies
undesirable events and their contributing factors. Once a tree has been developed,
probabilities of failures can be determined for individual components in the tree.
With the individual probabilities, overall probabilities of failures can be calcu-
lated for event paths using Boolean algebra.

8. Describe root cause analysis and how the procedure can be used to assess safety
performance:

The purpose of the Root Cause Analysis is to identify causal factors relating to a
mishap or near-miss incidents. The technique goes beyond the direct causes to
identify fundamental reasons for the fault or failure.

9. What impact has the military had upon systems safety?

Much of the systems safety techniques and management program development
has its roots in the military. The MIL STD 882D, Systems Safety provides a detailed
framework for implementing a systems safety program.

10. Describe the Balanced Scorecard management system and explain how it can be
used to assess safety performance:

The Balanced Scorecard methodology builds on some key concepts of previous
management ideas such as Total Quality Management (TQM), including customer-
defined quality, continuous improvement, employee empowerment, and prima-
rily measurement-based management and feedback.

Chapter 14

1. The exposure number of 200,000 man-hours represents what in an OSHA inci-
dence rate?

The OSHA incidences rates are based upon 200,000 hours of exposure which is
equivalent to a company with 100 employees each working 2,000 hours in a cal-
endar year. This corresponds to what an “average” full-time employee would work
in a 40-hour week during a 52-week year (minus two weeks for vacation and holi-
days).

2. What purpose do rates serve?

Rates allow for an “apples to apples” comparison between two or more groups.

3. A company experienced 15 OSHA recordable injuries over a year. The organiza-
tion accumulated 1,220,000 man-hours. What is the OSHA recordable injury rate?

2.46 recordable injuries per 200,000 man-hours.
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4. When calculating penalties, OSHA may reduce the penalty because of what fac-
tors?

The penalties may be reduced based upon the size of the business, the good faith of
the employer and the employer’s history of previous violations.

5. What role does the Census of Fatal Occupational Injuries play in national statis-
tics?

A comprehensive source for data concerning occupational fatalities is maintained
by the Bureau of Labor Statistics’ (BLS) Census of Fatal Occupational Injuries
(CFOI).

6. How is the DOE’s ratio of lost workdays to lost workday cases calculated?

Ratio of Lost Workdays to Lost Workday Cases = # Lost Workdays

# Lost Workday Cases

7. What does the DOE’s Cost Index approximate?

The index is approximately equal to the cents lost per hour worked.

8. What is the MIL STD 882D?

MIL STD 882D is the current version of the System Safety Program requirements.

Chapter 15

1. What does VPP represent?

OSHA’s VPP criteria are a model; they are available to all companies-any size, any
industry, and any location that serve as a framework for a comprehensive safety
program.

2. Describe the benefits of cooperating with OSHA in the VPP program:

Cooperative interaction with OSHA gives companies the opportunity to provide
OSHA with input on safety and health matters and to provide industry with models
of effective means for accomplishing workplace safety and health objectives.

3. Describe some of the benefits of participating in OSHA’s VPP program:

Participants are not subject to routine OSHA inspections, because OSHA’s VPP
onsite reviews ensure that their safety and health programs provide superior pro-
tection. Establishing and maintaining safety and health programs on the VPP model
are reflected in substantially lower than average worker injury rates at VPP
worksites. While protecting workers from occupational safety and health hazards,
companies following the management guidelines mandated for VPP membership
also experience decreased costs in workmen’s compensation and lost work time,
and often experience increased production and improved employee morale.
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4. Describe the components of a safety program that would indicate management
leadership and involvement:

Management demonstrates commitment to safety and health protection by estab-
lishing policies and results-oriented objectives for worker safety, establishing goals
for the safety and health programs and objectives for meeting that goal, commu-
nicating goals and objectives and integrating authority and responsibility for safety
and health.

5. How can OSHA’s VPP program criteria be used to improve safety performance?

OSHA’s VPP criteria can be used as a framework companies can strive toward
meeting when developing and implementing a comprehensive safety program.

6. Describe the process of participating in OSHA’s VPP program:

In the VPP, management, labor, and OSHA establish a cooperative relationship at
a workplace that has implemented a strong program:

• Management agrees to operate an effective program that meets an established
set of criteria.

• Employees agree to participate in the program and work with management
to assure a safe and healthful workplace.

• OSHA initially verifies that the program meets the VPP criteria. We then pub-
licly recognize the site’s exemplary program, and remove the site from routine
scheduled inspection lists (OSHA may still investigate major accidents, valid
formal employee complaints, and chemical spills).

• OSHA also reassesses periodically to confirm that the site continues to meet
VPP criteria (every three years for the Star program; every year for the merit
program).

7. Describe the components of a safety program that would indicate line account-
ability:

Demonstration of a system for holding managers, supervisors, and employees
accountable, defined authority and responsibility for safety and health.

8. Describe five areas that would be evaluated during the worksite analysis of the
VPP program:

Planning and integration of safety, job monitoring systems, hazard analysis sys-
tems, site inspections programs with follow-up, hazard recognition training, em-
ployee hazard reporting system and follow-up, written accident/incident inves-
tigation reporting system in place with follow-up, system to analyze: injury and
illness trends over time through a review of injury/illness experience hazards iden-
tified through inspections, employee reports, and accident investigations, prior
OSHA complaint inspections or informal complaints.
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9. What provisions for contract workers should be made?

Written safety program covering contract workers, written program providing for
control of safety and health conditions for other contractors and subcontractor
employees, communication methods for contract workers.

10. Describe the components of a safety program that would indicate acceptable safety
and health training:

Appropriate training being provided, employees understand hazards and their
roles in protecting themselves, supervisors understand their role in assuring that
employees understand and follow protective rules, managers understand their
safety and health responsibilities.

11. Differentiate between national consensus standards and voluntary standards:

National consensus standards are developed though a process of soliciting input
from interested parties in the development and adoption of the standards. Volun-
tary standards are standards that are not enforceable by a party. National consen-
sus standards unless adopted by an enforcing body as law, are not enforceable.

12. Describe the American National Standards Institute’s role in developing consen-
sus standards:

The American National Standards Institute (ANSI) promotes the use of U.S. stan-
dards internationally, advocates U.S. policy and technical positions in international
and regional standards organizations, and encourages the adoption of international
standards as national standards where these meet the needs of the user community.
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Insurance rating system, 113
International Organization for Standardization,

3, 156–157
Interstate experience rating, 113
Interval data, 22
Interviews, 97
ISO. See International Organization for

Standardization
ISO 14000, 4, 157
ISO 9000, 4, 157

L

Leadership, 93
Activities, 93–94

Leading indicators, 14
Line charts, 87–88
Loss ratio, 115
Lost workday cases, 144

M

Management assessment, 11
Manual premiums, 113
Measures of central tendency, 24

Mean, 24
Median, 25
Mode, 25

Measures of variability, 25
Range, 26
Standard deviation, 27
Variance, 26

Motivation, 2
Motorola, 102

N

National Council on Compensation Insurance,
113

National Fire Protection Association, 156
Normal distribution, 28, 38
np-chart, 59–60

O

Objectives oriented evaluation, 127–128
Occupational Safety and Health Administration,

105, 141–142, 151–152
Gravity based penalty system, 142–143
Incidence rates, 141–142
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VPP criteria, 151–155
VPP programs, 151–152

Benefits, 152, 155
Ordinal data, 21
Organizational processes, 95
OSHA. See Occupational Safety and Health

Administration
Out of control criteria, 47–48
Outcome metrics, 8, 11

P

p-chart, 49–53
Pareto diagram, 70–71
PDCA, 103
Pearson correlation coefficient. See correlation.
Perception surveys, 133
Performance measures. See Safety performance

measurement.
Performance goals, 9–10
Pie charts, 89–90
Probability, 29–39

Binomial event, 35, 39–40
Formula, 35

Compound event, 32
Formula, 33

Conditional event, 34
Formula, 34

Joint event, 31
Formula, 31

Poisson probability, 36
Formula, 36
Rules, 30
Simple event, 30

Formula, 30
Procedure analysis, 137
Process capability, 148–149
Production process classification, 72
Program goals, 16
Program logic model framework, 136–137

Q

Quizzes, 133–134

R

r-chart, 63–67
Ratio data, 22

Regression, 80–83
Relationship, 19
Resources and documentation, 96
Root cause analysis, 138
Run charts, 43–45

Development, 43–45
Run tests, 45–46

S

s-chart, 67–69
Safety goals, 11, 16

Guidelines for developing, 16–17
Safety metrics, 1–3

Historical perspectives, 1, 3
Safety metrics program, 1, 93
Safety metrics techniques, 2–3
Safety objectives, 16

Guidelines for developing, 16–17
Safety performance measurement, 2, 7, 12

Benefits, 15
Categories of, 13
Defined, 2
Framework, 7
Objectivity, 121
Performance system, 14
Process, 8–11
Qualitative, 12
Quantitative, 12
Shortcomings, 15

Safety training, 12–13, 125
Assessment, 125–130

Scatterplot, 76–77, 85–86
Construction, 85

Six sigma, 147
Statistical samples, 97
Statistics, 19, 147–149
Summative evaluation, 126
Systems safety, 137

T

Tables, 88–89
Total quality management, 2
TQM. See Total quality management.
Trailing indicators, 13
Training. See Safety training.
Trend analysis, 75, 80
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Trending, 75
Tylerian evaluation approach, 128–129

U

u-chart, 49, 54–58
UCLA evaluation model, 128
Underwriting expenses, 115

V

Variables, 75–76
Dependent, 75–76
Independent, 75–76

Variables control chart, 60
Voluntary performance standards, 151–155, 157

W
Web based training, 129

Evaluation, 129

X
x-chart, 60–64
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