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Abstract

The introduction of safety management systems (SMS) to the aircraft services industry has
stressed the importance of collecting and measuring safety event data to continuously
improve management and operational processes. Aircraft maintenance companies provide
services to the aviation industry. These companies have begun to collect safety event data
and now recognize the need to prepare reports based on this data. While collecting
information presents its own difficulties, this study focuses on measuring safety data and
presenting information to facilitate management decision making. Aircraft maintenance
companies indicate they want a more in-depth analysis of the safety data and anticipate that
better decisions may be made by using this data that they have invested in collecting. This
study has produced a set of safety event metrics designed to analyze the safety event data and
report it in an organized manner to include trends, control charts, Pareto charts, and aging
analysis. The results also include aggregated data collected from questionnaires that were
administered to managers from the aircraft maintenance industry. These questionnaires were
designed to measure each participant’s opinion on the usefulness of the set of metrics.
Overall, this study has demonstrated that a set of useful metrics can be developed based on
the safety event data to support everyday management decisions, as well as provide a
foundation for further metric development.

Introduction

Aviation organizations have processes and procedures for collecting data, determining root
causes, and recording the findings electronically in their safety event database system. The
vast amount of information collected in company safety event databases needs to be distilled
into a set of metrics in order for the data to be useful in decision-making. Within the Federal
Aviation Administration’s (FAA) advisory circular pertaining to safety management systems,
it states, “Audits and other information-gathering activities are useful to management only if
the information is distilled into a meaningful form and conclusions are drawn to form a
bottom line” [1, p.19]. The International Air Transport Association (IATA) states, “To be
useful, the data must be transformed into information that can be used by system managers to
make informed decisions” [2, p. 4]. Without a useful set of metrics, management and
technicians will not be able to identify and implement the proper improvements to processes
and procedures.
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This paper discusses the development of a set of useful metrics designed to support
management decisions regarding system improvement. These metrics can be useful by
providing up-to-date information regarding the safety event data that may be used by
management to decide where improvement actions should be focused. The primary objective
of the metrics developed was to provide useful information to support decisions made by
management and to facilitate improvements in the system. An estimated 80-90 percent of
contributing factors are under management control, while 10-20 percent are under the
technician’s control [3]. By analyzing the data and presenting a useful set of metrics,
management has the ability to track and eliminate a large amount of the contributing factors
that lead to errors, violations, and subsequent safety events within the workplace. Creating
awareness and maximizing learning can be accomplished by sharing findings and
recommendations with the affected employees [4]. Management can further reduce the
remaining 10-20 percent of contributing factors that are under the technician’s control by
using these same metrics to increase awareness among the technicians and inspectors.

Review of Literature

Aviation Safety Management Systems

Transport Canada, the International Civil Aviation Organization (ICAQ), and the Federal
Aviation Administration (FAA) are all globally recognized for their contributions to aviation
safety and safety management systems (SMS). In 2005, Transport Canada “placed the
conceptual shifts involved in an SMS into the forefront of many airlines’ agendas around the
world” [5, p. 1]. ICAQO’s Safety Management Manual is intended to support the
implementation of safety management systems [6]. The FAA advises a minimum standard
for an aviation SMS [1]. The FAA'’s safety management standard is parallel to the framework
developed by ICAO. The FAA issues and enforces regulations and minimum standards for
safety in civil aviation. As of September 2008, the FAA does not require aviation service
providers to implement an SMS, but in May 2008, the FAA recommended action to prepare
for future implementations of SMS. Updates to FAA regulations may be found at
www.faa.gov. Since aviation organizations are extremely safety-conscious, many are
beginning to implement their own SMS, prior to a federal regulation requiring one.

A safety management system (SMS) has been defined as “an organized approach to
managing safety, including the necessary organizational structures, accountabilities, policies
and procedures” [7, p. 1-2]. An SMS is designed to “increase industry accountability, to
instill a consistent and positive safety culture, and to help improve the safety performance of
air operators. This approach represents a systematic, explicit, and comprehensive process for
managing risks to safety” [8]. In three SMS documents [1, 7, 9], data collection and analysis
are included as a valuable element of an SMS. Analyzing the data collected from an audit
program, investigations, and employee reports allows an organization to be able to evaluate
where improvements can be made to the organization’s operational processes, as well as the
SMS [1].
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Investigation of Contributing Factors

The contributing factors to safety events are important to understand. Maintenance Error
Decision Aid (MEDA) is an investigative process that was developed to determine
contributing factors [10]. “The central philosophy of the MEDA process is that people do not
make errors on purpose. While some errors do result from people engaging in behavior they
know is risky, errors are often made in situations where the person is actually attempting to
do the right thing. In fact, it is possible for others in the same situation to make the same
mistake” [11, p. 17].

A large proportion of blame for errors has been traditionally placed on the technician because
of the assumption that human error may be attributed to the actions of an individual and not
because of the contributions of the environment in which the individual is operating [12].
Reason’s Swiss Cheese model showed that events are not caused only by the last event, but
that they are actually the end result of a long line of events of which the last act can be
hazardous [13]. The MEDA tool was designed to take the investigator beyond the
technician’s active error and to explore as far up the causal chain as time and money would
permit to correct the contributing factors [11].

Safety Metrics

The aviation industry strives for the same goal as any other industry—to reduce the number
of events to zero or as close to zero as possible. Measurements of safety performance allow a
company to understand system performance and whether or not their safety processes are
effective in reducing the amount of events [14]. Measurements may be used to help identify
opportunities for improvement [15]. A sound measurement system supports decision making,
indicates how the system is performing, helps in establishing priorities on important
opportunities for improvement, and verifies that improvements are working [16]. Accident
investigation is one area that should be monitored to ensure continuous improvement of the
entire safety system [4]. Recommended safety system measurements include the following
[4]:

Percentage where system causes are identified.

Percentage where causes of human error are identified.

Percentage of incident reports that are shared with other units.

Percentage of follow-up actions and learning shared.

Percentage of incidents investigated to root causes.

Average time from incident to investigation completed.

Average time from incident completion to correction.

Percentage of investigations that show planning failure

Percentage of accident reviews with leadership participation.

OO0O0O0O000O0O0

Allocating scarce resources is a challenge management faces on a daily basis. The Pareto
chart is one way to make educated decisions based on data analysis. The Pareto concept, also
known as the 80-20 rule, was developed by Vincent Pareto and has demonstrated that 20
percent of the known variables will account for 80 percent of the results [17]. Pareto charts
may be used to identify the large problems that may be reduced more quickly and with
greater impact, as opposed to focusing on eliminating small problems [18]. Using a Pareto
chart, management can see the arrangement of data (errors, defects, or failures), view the
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most frequent deficiencies of a system, and eliminate or reduce these items as much as
possible.

Some researchers have adapted quality management practices to fit safety management’s
needs. In one such study, Pareto charts were used to indicate the frequency, severity, and
location of problems in a facility [19]. This data was combined with perception survey data
(proactive measures) to obtain a more complete view of what was occurring in the workplace
[19].

Developing measurement systems is difficult, complex, and important [15]. When
developing the set of metrics, the flow of the information through the system should also be
addressed. Transport Canada [20] has documented the type of information that should be
stored in such a database, as well as its path through the improvement process. The process
map, shown in Figure 1, shows how both reactive and proactive data flow through the same
path into a database. Data should then be analyzed and the results communicated throughout
the facility as part of a continuous system evaluation. System evaluation should be a
continuous loop of information facilitating improvement to the SMS. In addition,
measurements should be expected to change over time as conditions change [15]. By
examining the literature, the authors defined the characteristics of useful metrics (as shown in
Table 1).

Continuous analysis and improvement

A 4

- i Information
Reactive Necessary risk . .
dissemination:
reports and assessments, Database of
proactive "| investigations, "| information " o Trend Analysis
safety and corrective o Safety Bulletins
assessments actions e Accidents

e Report Distribution

Figure 1: SMS Process Flow (adapted from [20])

Table 1. Characteristics of Useful Metrics

Characteristics of Useful Metrics
Easy to understand [10]
Supports decision making [2, 15]
Captures opportunities for improvement [1, 4, 15, 16]
Provides understanding of system performance [1, 14, 16]
Isolates important issues [16, 18]
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Methodology

The goal of this project was to design and test a set of useful metrics based on analysis of the
types of safety event data stored in a typical aviation SMS. These metrics are designed to
facilitate management decisions in the continual improvement of safety and operational
procedures at an aviation organization. A four-step process was followed in the development
of these metrics.

Step 1: Understand What Data Is Available

The data available in an SMS database largely determines what data can be presented or
analyzed. Typical databases collect information on the date, type of incident, location of
incident, and other data recommended by standard approaches, such as MEDA.

Step 2: Develop Metric Usefulness Questionnaire

A questionnaire was developed to evaluate each metric for usefulness. The questions were
based on the characteristics in Figure 1. The questionnaire consisted of questions related to
the characteristics of useful metrics, with scoring based on a five-point Likert scale.

Step 3: Develop Metrics

A set of metrics was developed using the data available in SMS databases. The metrics were
selected based on those that had the potential to convey trends and provide other potentially
useful information.

Step 4: Validate Usefulness of the Metrics

The metrics developed in Step 3 were presented to eight management-level aircraft
maintenance industry experts for evaluation. During the review of the metrics, these
managers participated in a discussion and question/answer period. Finally, the experts were
given an opportunity to voluntarily answer the questionnaire developed in Step 2 to evaluate
the usefulness of the metrics. Participants, who were all from the same corporation, were
instructed not to identify themselves on the questionnaires. The corporation had an SMS
database but no set of metrics developed using the information available in the database.

Metric Development

Through multiple discussions with industry experts from the areas of quality, safety, and
human factors, a total of eight metrics were chosen to support the decisions of managers and
to drive system improvement efforts into the correct areas. The eight metrics are:

Aging chart

Events opened/month

Events closed/month

Response time

Corrective action time

arONOE
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6. Frequency of each event type
7. Frequency of severity levels/month
8. Frequency of causal factors/month

The developed metrics were limited by the categories contained in the safety event database
system. This section describes each of these metrics, what charts were used, and how the set
of metrics can be used together to provide an illustration of the safety event data. No single
metric is presented as describing the overall performance of the organization. As a group,
these metrics provide insight into organizational performance using SMS data.

Aqging Chart

An aging chart was selected to display the number of days that events have been open for all
open events in the system. The chart is formatted as a histogram with boundaries set for 5-
day intervals, as seen in Figure 2.

Event Aging Chart
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Figure 2. Event Aging Chart

This type of information could become a valuable tool in identifying those events that have
exceeded a time limit set by management. To develop a limit, management will need to
allocate appropriate resources to quickly resolve events and monitor the aging charts for a
given period of time to determine where the standard should be set.

Events Opened/Closed per Month

A run chart and control chart were selected to provide information to managers regarding
organization performance. Separate run charts for the number of events opened each month
and the number of events closed each month were developed. These charts may be analyzed
to provide evidence of any patterns within the discrete data, such as trends, oscillations,
mixtures, and clustering. Examples of discrete data may include the number of complaints,
the number of defects, or, in this case, the number of events opened per month, as shown in
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Figure 3. The run chart may be set to display the number of events over specified time
periods such as years, months, quarters, or weeks. This allows management to tailor the chart
to the time period of interest. As more data is collected, the sophistication of analysis may
also include statistical process control to identify common cause and special cause variation.
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Figure 3. Run Chart

Response Time

Frequency histograms were selected for response time data presentation, as shown in Figure
4. Response time can be defined as the number of days between the “Response due date” and
the “Date response entered.” A negative number represents a response that was entered
before the due date, while a positive number means the response was late. The goal of this
measurement is to provide managers with an average on how accurately an event response
due date is being predicted. Furthermore, the information in these charts could provide
insight into why events are not being responded to on time or what is causing the responses
to be early. The response data is charted in the same manner as the corrective action time
metric, using a histogram.
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Figure 4. Response Time Histogram Chart

Corrective Action Time

Frequency histograms were selected for corrective action time charts. These charts are
similar in structure to those shown in Figure 4. Corrective action time is defined in this study
as the number of days between the “Event Entered” date and the “Event Closed” date. Since
an event can only be corrected in a positive amount of time, the charts produced will only
indicate a positive number to the nearest day. In addition to displaying the distribution, the
data may also be used to calculate other statistical measures such as average, median, and
standard deviation.

Frequency of Each Event Type

A Pareto chart was selected to display the frequency of each event type for a given month.
This information is displayed by month in Figure 5. One could use the Pareto chart to
identify the most frequent event type, and then view the run charts or control charts for the
same time period to better understand system performance. The event types can be charted
over the entire time span of the database or by a given time period, such as months, years, or
quarters, depending on the needs of management. Following the 80-20 rule, these charts
identify the important few events to focus improvement efforts.
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Pareto Chart of Event Types
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Figure 5. Pareto Chart

The preceding six charts provide a general picture of the system. The remaining charts are
meant to be used to gather additional information to clarify any questions of the data.

Frequency of Event Severity Levels per Month

A Pareto chart was selected to provide more detailed information regarding the type of
severity levels seen within the database over a certain time period (in this case per month). In
Figure 6, the most severe level is “D,” while the least severe is “A.” Tying this chart to the
Pareto for event types allows management to view the distribution of severity levels in
relation to the events occurring during the same time period. Management should be careful
not to ignore the most severe events just because they may be the least frequent. Events that
are of severe levels should always be investigated.

Pareto Chart of Severity Level
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Figure 6. Pareto Chart of Severity Level
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Frequency of Each Level of Causal Factors per Month

A Pareto chart was selected to display the frequencies of the first two causal factor
categories, similar to the chart in Figure 6. Investigations into root cause should identify the
causal factors for events. Each causal factor is comprised of three levels of categories: factor
class, causal factor type, and response. The charts can be organized in a multitude of ways,
depending on what is being investigated. In this study, the Pareto charts display the overall
frequencies at each category level. Even at this level of granularity, management may begin
to use these charts to understand which root causes are most common. This allows
management to focus improvement efforts on the areas that may lead to greater
improvements in a shorter period of time.

Combining the Metrics

When viewed independently, these charts provide information regarding measured aspects of
the safety and quality systems. Though valuable as independent sources of information, the
advantage of these metrics is that they may be used together to support management
decisions. An out of control data point on statistical process control charts for events opened
or closed per month can drive a manager to investigate the type of events, their severity
levels, and what type of causal factors were found. Furthermore, the corrective action time
and response accuracy can be tied in with the severity level and event type to determine why
corrective action times and responses were at certain levels. The information discovered
during these investigations can be used to improve processes, provide foundations for new
standards, create new measurements, and aid in the development of new processes in the
future.

Usefulness of Metrics

Once the analysis of the safety event data and the development of the metrics concluded, the
metrics and sample charts were presented to a group of eight aviation industry experts. The
attendees represented management from areas including quality, safety, human factors, and
information technology. During the presentation, the managers began to discuss ideas such as
how to more accurately identify the categories of causal factors and event types in their data
collection.

A total of eight managers participated in the questionnaire. The results for each question
were collected and are reported in aggregate in Table 2. The overall mean score was 4.38,
with a median of 4.5 on a scale of 1 to 5, with 5 being “strongly agree.” These scores indicate
that the respondents agreed that the metrics produced in this study contained useful
information. Question 5 had the highest mean score at 4.63, while question 6 scored the
lowest at 4. A score less than four was assigned by four respondents, three times for question
6 and once for question 2. Since the metrics produced in this study were the first set of
metrics created for the SMS and seen by these managers, it is understandable if these
managers may not immediately declare to use them on a regular basis.
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Table 2. Usefulness Questionnaire and Aggregated Results

Question Mean Median
1. The metrics were easy to understand. 4.50 4.5
2. | am able to make decisions supported by these metrics. 4.25 4
3. The metrics identify opportunities for improvement. 4.50 4.5
4. The metrics assist in displaying the level of system
performance. 4.38 4.5
5. The metrics identify important issues. 4.63 5
6. | would use these metrics on a regular basis. 4.00 4
7. These metrics should be included in reports. 4.38 4
Strongly Neither Agree
Disagree Disagree nor Disagree Agree Strongly Agree
1 2 3 4 5
Conclusions

This study sought to develop a set of useful SMS metrics through the review of previous
literature in the areas of data collection, data analysis, and existing safety measures, as well
as discussions with aviation industry experts. The outcome is a set of useful metrics that have
already begun to support management decisions at one company who chose to adopt them.
This study did not seek to develop a comprehensive set of metrics. This study has provided a
foundation for future research and development of safety event data measurements.

The primary objective of the metrics produced from this study was to provide useful
information to various levels of management. These metrics are meant to support decisions
made by management and to facilitate improvements in the system. During the presentation
of the metrics to the group of industry experts, the usefulness of the metrics became apparent.
During the presentation, the managers began discussing ideas on how to incorporate these
metrics into more localized measures, such as scorecards for each work area. Based on the
metrics presented, the managers also discussed how to gather more detailed categories of
causal factors and event types in their data collection.

The usefulness of the set of metrics developed in this study is supported by the results of a
voluntary questionnaire. The experts who participated in the metric presentation were given
an opportunity to answer the questionnaire and provide their opinion on the usefulness of the
developed metrics. Respondents represented management from areas including quality,
safety, human factors, and information technology. The results of the questionnaires confirm
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that a set of useful metrics can be developed from the analysis of safety event data to support
management decisions.

The literature reviewed described the common elements of various safety management
systems, how root causes are determined, and the characteristics of useful metrics. Based on
the analysis of the safety event data and the results of the questionnaire, a safety event
database can produce useful metrics to support management decisions.

Recommendations

This paper assumes that organizations have taken the first step in developing useful metrics
by collecting data from every safety event, regardless of the severity of the event. The
developed metrics were determined to be useful according to a group of aviation experts who
rely on information to make decisions. As aviation organizations begin to understand what
type of data is useful and make necessary changes to their database systems, the
organizations should continue to develop metrics to help management make decisions.

By identifying the specific work area or product type, the data could be used to provide more
specific information regarding safety events. This information could allow managers to
pinpoint the events by focusing on a specific area of the facility. In addition to localizing
events, placing specific weights on certain types of information could provide a more useful
metric. One example would be to weigh the events per time period by the number of labor-
hours expended. Labor-hours are a common measurement and are already collected by most
aviation organizations. Many times the labor-hour information is stored on another database
and would require additional programming to calculate the number of events per man-hour.
More detailed charts could be created for the aging charts, with specific aging charts for each
event type or severity level. This could help management gain an understanding of the trends
for each category and allow them to create a baseline for the amount of time an event should
remain open.

As the metric systems are developed and improved for safety management systems, the
addition of analyzing severity and risk of each event type could prove to be invaluable.
Severity and risk are already a category in many SMS databases. Any new metric should go
through an approval process similar to this study’s questionnaire. A questionnaire process
should involve representatives of any group that will rely on the information if the metric is
implemented. Creating a metric approval process to guarantee its usefulness will lead to a
useful set of measurements, with each metric serving a purpose to the managers who will rely
on the information to make decisions.
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