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Abstract
Human factors (HF) programs in engineering and maintenance are not new.  Since the late 1980’s, airlines and their maintenance and overhaul organizations have initiated maintenance HF (MxHF) programs to ensure continuing safety and efficiency.  As a result, the international industry knows a lot about MxHF and needs minimal additional basic knowledge on the topic.  

Many National Aviation Authorities (NAAs) have mandated a variety of HF initiatives.  They include such actions as: initial and recurrent training; event investigation, reporting and tracking; and fostering a safety culture that focuses on potential hazard identification and risk reduction.  Where mandated, organizations have complied.  However, there is much more that can and should be done whether it is required by regulation or not.

Why should one exceed the regulations on MxHF programs?  How is that accomplished?  What does it take to have a “World Class” program?  This paper explores exemplary activities that characterize excellence in MxHF programs.  The World Class Action Plan for MxHF is used to guide the way to excellence. Four sample actions are presented including: demonstrated level of HF commitment in all levels of the organization; renewal of MxHF programs; selection of qualified personnel to manage the HF program; and full utilization of an event investigation and reporting system to attack challenges and then cost-justify HF interventions.  The premise is that regulatory compliance is relatively easy.  However, high value is achieved when MxHF programs take it to the next level and strive to be “World Class.”

Introduction and Compliance
In 1988, the FAA hosted a Washington, DC meeting entitled Human Factors in Aircraft Maintenance and Inspection.  There were 32 delegates of whom 16 were presenters, mostly scientists and graduate engineers.  In September of 2009, the 21st international meeting took place in San Diego (http://www.airlines.org/operationsandsafety/events/).  The 400 delegates included vice presidents and directors of engineering, vice presidents and directors of safety and of quality, top union and government executives, and plenty of working mechanics and airport ramp personnel.  The topic of HF was not new to the audience.  However, delegates agreed that there are plenty of opportunities to improve existing MxHF programs. 
Transport Canada (TC) regulations and the European Aviation Safety Agency (EASA) regulations for repair stations are excellent examples of the best of the international MxHF regulations.  These rules govern initial and recurrent training and a variety of other HF activities shown in Table 1.  The details of these rules are in the EASA Part 145 Acceptable Means of Compliance (AMC 145) and in TC Canadian Aviation Regulations (CAR 573).  The table combines the general requirements of EASA and TC.  Many companies have such program components regardless of the jurisdiction of operation. 

Table 1: General Prescribed Actions for Mx HF Program

1. Promote the safety culture
2. Depend on voluntary reporting and event investigation systems
3. Pay attention to design/maintenance documentation systems 
4. Evolve maintenance human factors training
5. Cultivate a system to address procedural non-compliance
6. Increase planning of tasks, equipment, and spares management
7. Address worker fatigue
8. Apply formalized shift and task handover methods
9. Target tasks for error capturing (duplicate inspections, etc.)
10. Deal with the signing off tasks not seen nor checked.
Compliance with these excellent international regulations is not an option for most companies (Johnson and Hackworth, 2008).  Many NAAs have requirements like EASA or Transport Canada.  In the US, over 1,300 maintenance organizations hold an EASA 145 certificate.  Those 1,300 repair stations, based on number of employees, represent a very high percentage of the US aviation maintenance workforce.  The international numbers would suggest that MxHF programs are doing fine.  They are generally in compliance.  However, compliance with the regulations does not guarantee a world-class MxHF program.

Beyond Regulatory Compliance to “World Class”
In 2001, the Civil Aviation Authority of the United Kingdom hosted the 15th Annual Symposium on Human Factors in Aviation Maintenance.  At that meeting this author asked the question “Is Your Maintenance Human Factors Program Fact or Fantasy?” (Johnson 2001).  A 50-question survey was offered to separate the companies that really had a HF program from those that could merely talk about a program.  In 2001 MxHF were only emerging, thus one might say that it was a tough test for most HF programs.  The 50 “yes” or “no” questions asked about the use of Boeing’s MEDA, “just culture” policies, employee HF training, HF staffing, and other topics that seem basic today.  Few companies scored well on the questionnaire in 2001.  Today nearly every aviation maintenance organization would say “yes” to most of the questions.  Measurement of today’s program requires more than a yes or a no answer.  The industry, as well as its attention to MxHF, has evolved.
An evaluation of current MxHF programs requires more than a few pages questions requiring yes or no answers.  To evaluate these programs today, the questions must quantify such characteristics as the number of qualified HF leaders in the organization, credentials of the top MxHF manager, level of the MxHF manager in the organization, extent of voluntary reporting and subsequent use of the data, and more.  Today’s MxHF evaluation must determine how a MxHF program is at the underpinnings of an evolving Safety Management System (SMS).  An evaluation should assess how the MxHF program reinforces the attitude of each employee to share the value that safety is of utmost importance and that each person plays a critical role in the organization’s overall safety.  If that sounds like the language of “Safety Culture,” then you are reading these words correctly.
In an effort to determine if an organization’s MxHF program is “world class”, the author created the World Class Action Plan for MxHF. It is built upon the actions in Table 1.  However, the new list went beyond the actions specifically recommended by regulations from Europe and Canada.  The plan was reviewed and improved by experts from manufacturers, operators, government, and consultants from both the US and Europe.  That plan, while always a moving target, is available at FAA’s HF website (www.hfskyway.faa.gov).  There is also a recent series of five articles in Overhaul and Maintenance Magazine that address this list (Johnson, 2009, a-e).
The remainder of this paper will select four sample activities from the World Class Action Plan for MxHF.  Of course, the list assumes that a MxHF program has already complied with the existing HF regulations from Table 1.  Table 2 lists four sample activities from the World Class Action Plan.  Each one shall be described.
Table 2: Selected Topics from World Class Action Plan
1. Invest in MxHF Program – Re-enlist Executive Commitment

2. Revitalize your HF Program

3. Promote the HF Manager

4. Identify/attack specific targets and measure Return on Investment (ROI)
Action 1. Invest in MxHF Program – Re-enlist Executive Commitment
Maintenance personnel, their leads and supervisors, and mid-level management work the ramps, hangars, and shops every day and into the night.  They know what is going on, and they can spot and address potential hazards quite readily.  They live and breathe MxHF issues.  By sheer numbers they are the heart of a maintenance organization’s safety culture.  However, from an organization perspective they take their lead from the company senior management.  MxHF programs require resources, and senior management often hold the control of the resources.  Therefore, world class programs must have the ear, the heart, and the resource commitment of senior management.  That requirement is non-negotiable (Johnson, 2009a).

The senior management sets the tone for MxHF based on their public commitment and actions.  They are the very first to tout that “Safety is Number 1.”  In turn, they must be the first to transfer those words into actions.  They are the ones who must accept that human factors interventions cost money, but that such expenditures are important.  It is reasonable for them to also seek a return on MxHF investments—but more on that later.
If the senior management is in compliance with HF regulations, then they participated in the mandatory HF training and are also taking the required recurrent training.  Hopefully, they participated in the training with the workforce.  They learned about the importance of communication and teamwork.  Are they applying what they learned?  They learned about fatigue, scientific scheduling, reasonable overtime, and hazards associated with excessive shift swapping or lengthy commuting.  Have they applied fatigue risk management in the maintenance organization?  They learned that coffee is a legal stimulant that enhances worker performance.  Do they offer free coffee?  While the free coffee may be too much to expect, it is logically and scientifically a very good idea.

A World Class MxHF program never takes the program for granted.  It may have been in place for a decade or more.  The Senior Executives should constantly renew their demonstrated commitment.  They do this with occasional speeches to the work force, through company newsletters, and by unannounced walks through the various maintenance environments.  They must invest the time to be visible and vocal about HF issues if they want to demonstrate that their commitment to the MXHF has not diminished.
The top executives can demonstrate their commitment beyond being physically present.  They must ensure that adequate resources are available for equipment, personnel, training, documentation systems, and organizational changes that identify and address the hazards.  The age old adage that “Money talks” applies to the demonstrated commitment of senior management.  If Safety is #1, then spend money accordingly. 

Before moving to a second sample action from the World Class Action Plan, it must be emphasized that senior management commitment is not sufficient to ensure the success of an MxHF program.  Shared commitment is manifested differently based on one’s role in the organization.    

Middle managers feel the constant burden of schedules and cost.  They must also commit to the safety associated with human performance.  They can do that by ensuring that adequate resources are always available to include equipment, tools, parts, procedures, and personnel.  They must recognize risk and always demonstrate the words and actions that strive for risk reduction.  This must be obvious to workers and to other managers.  When there is unpleasant information, they must communicate it upwards.  That will also test the sincerity of the executive commitment.  Middle managers must balance the HF issues with the production demands and flight schedules.  They must be measured accordingly. 
Mechanics, engineers, and other maintenance and ramp workers can demonstrate commitment.  They should insist that written procedures are always followed.  They must strive for clear written and verbal communication.  They must identify and report perceived risk.  They should report for work rested, and they should not work excessive hours that risks personal or flight safety.  They are critical to ensure a world class MxHF program.
Sample one – to Re-enlist Executive Commitment- emphasizes the leadership responsibility of senior management.  However, it takes everyone in the organization to elevate the regulatory compliant MxHF to the next level. 

Action 2. Revitalize Your HF Program

With a re-enlistment of executive support and worker commitment, a world class MxHF program should occasionally revitalize itself.  While such revitalization is comprised of technical activities, it is also about promotion.  Use the same vigor that would be used to advertise new business class seats and in-flight entertainment options.  After all, “Safety is # 1.”

An example of revitalization was completed by a large US carrier.  It started in 2007 to promote workplace and personal life safety.  The program is called “7x24 – Safe at Work – Safe at Home.”   The program reinforced existing safety activity and created measures of new safety achievement levels (silver, gold, and platinum).  The safety training was revised to reinforce the excellent safety program already in place.  The company promoted the new program with “7 x 24” logos printed on pens, mouse pads, wrist bands, toolbox stickers, and lapel pins.  When company locations achieved a safety level, there were awards and celebrations.  This large company had the CEO visit specific locations to present the awards and to celebrate outstanding safety achievement.  The program continues today and has the data to show a reduction in worker injury attributable to the revitalization.  
Signs, banners, and tool box stickers are only an outward sign of a revitalization effort.  Revitalization requires a serious look at the programs and procedures that are working versus those that may be ineffective.  For example, nearly 50 US air carrier maintenance organizations and MROs participate in FAA’s (FAA, 2002) Aviation Safety Action Program (ASAP).  Many of the ASAP participants actively communicate the reports and findings to the total work force.  Such communication helps fulfill the primary reason for ASAP to prevent the same mistake from repeating itself.  During revitalization, companies should seek ways to promote increased voluntary reporting.
Another example of revitalization is based on the author’s recent experience with an air carrier.  The company had many of the MxHF components listed in Table 1.  However, they knew they could do more.  That company took the entire World Class Action Plan for MxHF (see hfskyway.faa.gov) and loaded it to a project management software program.  The company organized top executives of the company and the bargaining unit to discuss how they could move forward on the activities.  They established timetables and responsible parties for each line on the project management plan.  They brought in outside consultants to seek an external view and are currently working per the plan.  It is too soon to determine if that revitalization effort will be effective, but they have certainly embarked on a very ambitious effort.  Perhaps this effort will form the basis for a success story in the future.
Action 3. Promote the HF Manager

A third sample action from the World Class Action Plan has to do with the HF manager position (Johnson, 2009e).  “Promote the manager” merely characterizes this issue.  This discussion is not intended to provoke changes to current MxHF management.  However, when a sports team is losing too many games the manager is often the target, whether that is right or not.
Continuing with the sports analogy, often it is not the manager’s fault.  If the team owner reduces the budget for star players, provides substandard practice areas, provides minimal equipment and supplies, offers substandard transportation and housing, and outfits the players in shabby uniforms, then that is likely to affect the culture of the team.  While winning is #1, the team owner did not allocate the resources to ensure wins.  The primary fault of the manager is that he/she did not communicate the situation in an effective manner.  The manager continued knowing that the owner commitment was insufficient to achieve the #1 goal of winning games.

The HF manager must be effective at reinforcing that Safety is #1.  The HF manager has the responsibility to communicate requirements to senior management and expectations to the workforce.  The manager must be an effective communicator, who is able to sell ideas up, down, and across the organization.  In most cases the HF manager must be comfortable and effective in various meetings from the corporate Safety Management System meeting to the shift turnover meeting at the overnight maintenance facility.  The HF manager is likely to be a maintenance generalist with a staff of HF qualified advisors to address the implementation details.  Of course, in a small company the HF manager may have to assume all the roles.

The MxHF manager is sometimes buried deep in many management layers from the necessary safety and financial executives.  When that is the case, it sends the message that MxHF, one of the leading safety hazards, is really not elevated to a level of significant management authority.  Operationally that affects how the position is treated by the bargaining unit, by employees, and by other managers.  Thus, the title of this 3rd sample action is “promote the HF manager.”   This author has never heard an HF manager complain about their rank.  However, the title and of the position is a statement of the company’s commitment to the MxHF topic. 
With senior management re-enlisted, the program revitalized, and a qualified HF manager and team in place it is time to attack!

Action 4. Identify/Attack Specific Targets and Measure the Return on Investment
Maintenance and Engineering people like to fix things.  They have a low tolerance for systems that do not work properly.  They troubleshoot a malfunction, identify the failure, and follow the procedures to return the equipment to an airworthy condition, while monitoring performance as required.  The same approach applies to a world class MxHF program.  Identify something that is broken, fix it, and then monitor performance!

There are many ways to identify hazards and risks in an organization.  The least desirable is the reactive risk reduction prompted by a serious accident or incident.  A company’s voluntary reporting systems are an ideal proactive approach based on the many minor events that can be reported daily without particular consequence to the reporter.  Some companies are working on predictive hazard identification with programs like Line Operations Safety Audits (LOSA) for maintenance and ramp environments (Hackworth et al., 2009).   Then, of course, there are the challenges that everyone knows about regardless of the reactive, proactive, or predictive method of acquiring the data. 
The hazard associated with maintenance fatigue is one of those challenges that have been identified repeatedly (Johnson & Hackworth, 2008).  It serves as a good example for the remainder of this fourth example of world class activity.
Event investigations may cease the root cause analysis prematurely. They may fail to investigate fully once an initial cause is found. Example root causes may be that the mechanic did not use the documentation, the mechanic forgot a step, or there was a miscommunication between the mechanics completing the job.  A deeper root cause analysis may have shown that the mechanics were on duty for 14 hours, or had worked 10+ days straight.  That means the documentation breach or communication error may have been an error caused by fatigue.  Many such root causes have been reported to the NASA Aviation Safety Reporting System and recently analyzed (Rankin, 2009).
Airline organizations are not particularly good at conducting proper investment analyses related to HF interventions. There at least two reasons for a lack of ROI data on MxHF interventions.  First, senior management has not demanded such ROI.  Secondly, MxHF ROI is difficult. It is not as straight forward as installing winglets or powerplant modifications and then measuring fuel consumption.  Because MxHF has few concrete cases of cost savings, it often becomes a target for cost reduction when finances are tight (i.e., all of the time in airline operation).

Assigning cost and return is always tricky.  Nevertheless, a brief example is offered herein.  This example is also presented in the first FAA MX Fatigue Focus Newsletter (Johnson, 2009f).  It is reasonable to project that a mid-size company, with 1000 mechanics/technicians, can incur as much as an estimated $25 million in expenses related to error in maintenance and ramp operations.  This does not have to be “the cost of doing business,” especially in tough economic times.  Preventable errors include such things as component rework, damaged airframe structure, maintenance delayed/cancelled flights, flight diversions, and more.  It is hard to be sure about such a cost number, because the number does consider opportunity costs, customer goodwill costs, and other less tangible losses.  The causes of error could include any of the famous Dirty Dozen, like lack of knowledge, failure to communicate, lack of teamwork, and fatigue. 

For this example, the company decides to establish a Maintenance Fatigue Awareness Program.  The program includes promotional materials, like posters, hats, calendars, and 4 hours of training.  The cost of this intervention includes wages and overhead for 4,000 hours of training, 4,000 hours of replacement workers during training, curricula development, instructors, promotional materials, and other logistics.  The conservative estimated cost of this intervention is US$1.1M over a six month period. 

The tough part is estimating the impact of this intervention.  Assume that the 1,000 mechanics apply the training, improve their sleep habits, and increase their sleep duration.  They pay attention to the fact that alertness is a “fitness for duty” issue.  At the same time the company uses scientifically-proven scheduling methods.  Overtime work is continued at a reasonable rate. The company also creates a fair policy about “calling in tired.”  Therefore, the workers and the company approach fatigue awareness like they would alcohol impaired driving.  The result could be an estimated 10% performance improvement resulting in a 10% decrease in expenses related to error.  That could be an estimated $2.5M savings in the first full year.  The ROI is a function of the return ($2.5M) minus the cost of the intervention ($1.1M) divided by the cost of the intervention.  The result, for this example, is a 127% ROI in the first year.  

This fictitious example could be real.  The formula is basic yet correct, providing companies with a guideline on justifying their expenses.  The calculation works not only to fatigue awareness, but also to any of the interventions on the World Class Action Plan.
World Class Actions Plans Work
An FAA writer is often very good at telling industry what they should do.  The advice is most credible when the writer can say “let me show you how we did it.”  Therefore, please permit this author to describe how the FAA Office of Aviation Safety and the FAA Flight Standards Service implemented the four sample actions that are described above.

The FAA has been working the MxHF issue for a long time, as mentioned in the introduction.  In 2004, the Associate Administrator for Safety and the Director for Flight Standards decided to re-enlist their commitment to MxHF.  From their senior posts the Associate Administrator and the Director increased their public discussions about maintenance human factors.  They encouraged their management to take advantage of the internal MxHF expertise.

At the same time FAA revitalized MxHF by adding new positions and by expanding the quality and duration of HF training to all Airworthiness Inspectors.  The FAA Human Factors Symposiums were re-launched in partnership with the Air Transport Association.  HF attention was expanded to include airport ramp service workers.  
The senior management ensured that FAA headquarters had an inspector on staff that was experienced in airline MxHF.  They created a senior executive position dedicated to HF in aircraft maintenance systems.  
FAA identified targets and created industry partnerships to develop documented solutions.   The results are exemplified by useful documents like the Operator’s Manual for Human Factors in Maintenance and another for Airport Services.  The first manual is available from the FAA website (previously cited) in English, Spanish, and Chinese.  Another example is the training support system called the Maintenance Human Factors Presentation System (MHFPS), of which 15,000 copies have been delivered world-wide since 2007.  A new version of the MHFPS II is being developed during 2010.
FAA recognizes the value and supports basic scientific research.  However there is an explicit expectation that the MxHF programs deliver applied research results that will have a measurable impact on industry.  Senior FAA management encourages the research teams to always involve industry partners.  They ask for proof that the FAA investments in MxHF are paying off.  FAA did commit to steps 1 through 4 and continues to work towards World-Class MxHF programs.

Summary
This paper has described four examples from the World Class Action Plan for MxHF programs.  In most cases the ideas offered were not necessarily new, but are ways to recharge the current HF programs that have been operational for a long time.  The examples merely make the case that a fifteen to twenty year legacy of attention to MxHF represents infancy.  MxHF shall evolve and offer, not only continuing safety but also increased worker safety and overall cost control.
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