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CHAPTER 1
PHASE REPORT SUMMARY AND PROGRAM REVIEW

William B. Johnson, Ph.D.
Vice President
Galaxy Scientific Corporation
Advanced Information Technology Division

1.1 PROGRAM PERSPECTIVE

Nineteen ninety-eight marks the completion of ten years of the formal existence of the Federal
Aviation Administration (EAA) Office of Aviation Medicine research program on human factors in
aviation maintenance. Since the inception of the program, in the Fall of 1988, the program has
generated 10 phase reports, some in multiple volumes, over 400 technical reports (see bibliography
at www//http://nfskyway.com), hundreds of conference presentations, three editions of the Human
Factors Guide for Aviation Maintenance, and 12 Symposium that have attracted nearly 3000
participants. The annual FAA Human Factors in Aviation Maintenance CD-ROM, produced since
1993, has become the primary source of human factors information for the aviation maintenance
community worldwide. Distribution of the 1998 CD-ROM shall exceed 4000. Finally, the website
for the FAA Human Factors in Aviation Maintenance (hfskyway.com) has been accessed over 1.5
million times since 1996; and, the site had been accessed an average of 100,000 times per month
since the beginning of 1998.

The success of the research program is attributed to numerous factors. Table 1.1 lists the factors that
contribute to the success. First, and foremost, the program’s research and development tasks are
customer driven. The customers include a wide variety of entities including, but not limited to, the
following: the FAA Flight Standards Service, the Office of Aviation Medicine, the National
Transportation Safety Board, the airline industry, the Air Transport Association, the repair stations,
the maintenance supplier industry, aircraft and component manufacturers, aviation maintenance
technician schools, universities, and the general aviation maintenance community. The research is
driven by requirements and ideas specified by these customers.

Table 1.1. Contributing Causes for Success of FAA Maintenance Human Factors Research
Program

Customer Driven

Adaptive to Dynamic Safety Issues
Active Industry Participation
Multi-Disciplinary Research Team
Pragmatic Approach

Wide-scale Information Dissemination

A second factor contributing to the success of the research program is the manner in which research
tasks are adapted to immediately meet the ever-changing safety requirements of the industry. As an
example, recent accidents have placed focus on FAA and airline oversight of repair stations.
Therefore, in 1998, the research program conducted an in-depth review of training and qualifications
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of repair station personnel (Goldsby, 1998). Additional repair stations studies are currently in
progress. Another example of responsiveness to changing safety needs and customer requirements is
the Performance Enhancement Systems (PENS), now called the On-Line Aviation Safety Inspection
System (OASIS). Back in 1993, the research program developed PENS in response to the FAA
requirement and strategic plan to empower inspection personnel with improved technology for
airline oversight. OASIS has evolved to an FAA-wide system for all Aviation Safety Inspectors.

The industry has taken a very active role in the research activities, which is a third factor
contributing to the success of the program. Most of the research activities have an active industry
partner. The industry has provided not only guidance but also full-scale participation and numerous
services in-kind, including but not limited to, air travel.

The research team, for the past ten years, has included a multi-disciplinary group of researchers with
an ideal mix of industry experience and academic credentials. University researcher participants
have combined sound scientific principals applied to pragmatic aviation maintenance topics. The
team includes experienced psychologists, engineers, educators, lawyers, Airframe and Powerplant
Technicians, and pilots. This diverse mix ensures that all aspects of aviation maintenance human
factors is considered.

A fifth, and very important ingredient for success, is the extremely pragmatic focus of the program.
The research team has endeavored successfully to cooperate with EAA and industry to identify real-
world opportunities to improve human performance in maintenance. The legacy of results, over the
past decade, demonstrates the pragmatic approach.

Finally, the research program publishes and disseminates results to the industry. The list of technical
publications, CD-ROMS, and website information, described above, clearly demonstrates the
commitment to getting the research results to the users. This phase report, distributed on the annual
CD-ROM and the Websites, is yet another example of such information dissemination.

1.2 PHASE REPORT SUMMARY

This year’s Phase report runs the gamut, from human factors training projects to the design of
maintenance documentation to a study of norms in the aircraft maintenance workplace. This year the
team concentrated on the evaluation of selected human factors interventions. The evaluations look at
training for situation awareness, assessment of ground damage interventions, and evaluation of
formats for maintenance documentation. As usual, the CD-ROM and full-text website are also
deliverables.

1.2.1 Evaluation of Team Situation Awareness

Chapter 2 describes the evaluation of classroom training for situation awareness. This topic was
once reserved to such operational environments as the fighter jet or airliner cockpit to the air traffic
control room. Now it has been revamped and applied to the aviation maintenance workplace. A
training course was developed and evaluated with a partner airline. The course focused on five
topics including the following: shared mental models, verbalization of decisions, shift meetings and
teamwork, feedback, and general situation awareness. The training evaluation was based on delivery
of approximately 12 hours of Situation Awareness Training presented to 72 participants from nine
different locations of a major airline. All participants also received a basic Maintenance Resource
Management class as a prerequisite to the Situation Awareness class. A course outline and post
training questionnaire are included in Chapter 2.

Chapter 2 shows the results of measures related to value and usefulness of the training, pre and post
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training attitudes, and changes in behavior in job performance. Results showed that the students
rated most aspects of the training to be valuable, identifying class discussions and case studies as the
most desirable instructional method. The pre and post training attitudinal measures suggested that
the course would have a positive affect on each individuals situation awareness. The questionnaires,
administered one month after training, suggested that course material did transfer to job
performance.

1.2.2 Develop Line-Oriented Human Factors Training for Maintenance

Chapter 3, entitled “Line-oriented Human Factors Training: MRMIII,” looks at Maintenance
Resource Management (MRM) training compared to Crew Resource Management (CRM) training.
The purpose of the comparison is to speculate how MRM is likely to evolve. The authors emphasize
the importance of training for communication and for teamwork. Using a map for the “categories of
learning,” the authors show how the instructional delivery methods vary from lecture, for
conveyance of basic information, to the use of discussing simulation and gaming to ensure “higher
order learning.” Evolving MRM training, therefore, must become simulation-oriented not unlike the
line-oriented flight training (LOFT) that is a final stage of CRM training for pilots. The chapter
offers a variety of alternative considerations for advanced MRM training.

1.2.3 Distance Education for Maintenance Resource Management

Chapter 4 also addresses training; however, the focus is on applying web-based technology for
distance education. The Gore Commission (Final Report to President Clinton by the White House
Commission on Aviation Safety and Security, http://www.aviationcommission.dot.gov) encouraged
the EAA to capitalize on advanced technology to improve aviation safety. The chapter describes
distance education as an “instructional approach where people engage in educational activities
without having to be at the site where the instruction is occurring.”

This chapter describes the system called Safe Maintenance in Aviation Resource Training Center
(SMART). It is an exemplary infrastructure for on-line computer-base training that uses the World
Wide Web. Located at http://www.hfskyway.com, the SMART prototype provides a virtual
classroom, including such features as the following: on-line registration, a calendar, videos, chat
groups, a Federal Aviation Regulations (FAR) glossary, an archive of documents, on-line testing,
and a means for students to include material in the on-line archive. This chapter also describes the
variety of instructional alternatives that shall soon emerge as web-based distance education.

1.2.4 Evaluation of Ground Damage Interventions

Chapter 5 describes aircraft ground damage, which costs the world’s airlines as much as twenty
billion US dollars a year. The Chapter begins by describing the impact, causes, and historical
research associated with aircraft ground damage. The authors report their efforts to quantify the
effectiveness of human factors interventions in ground reduction at one airline. Further, they present
standardized means to establish a methodology for “analysis of incidents, deriving interventions and
measuring the effectiveness of interventions that can be used by other airlines and for other human
error outcomes.”

Chapter 5 offers a classification system of active failures, or hazard patterns, that characterize most
ground damage accidents. The chapter also offers a summary of interventions used at the
participating airline and a safe practices checklist to minimize ground damage.

1.25 A Study of AMT Norms and Work Habits
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Chapter 6 describes a study of the “Norms and Work Habits” of aviation maintenance technicians.
The research looked at social factors affecting human error in maintenance. “ Norms are socially
accepted workplace procedures that do not necessarily conform to company written procedures.
They are implicit work rates by definition. Norms are unwritten procedures. Thus a study of
unwritten procedures was a particular challenge. The chapter describes how norms are reinforced by
such factors as on-the-job training or time pressures to complete a given maintenance task.

The Chapter offers the results of a questionnaire-based study conducted in cooperation with
Transport Canada. The questionnaire was designed to assess worker attitudes regarding workplace
norms. The 138 questionnaire respondents in the study were involved in a human factors training
course delivered in Canada. While the researchers did not claim that the report was a definitive
study on norms there were some interesting results. First, respondents felt that norms had a positive,
not negative, impact on safety. Respondents felt that many “standard operating procedures” do not
reflect the reality of the maintenance workplace. Respondents also felt that they were not negatively
pressured by existing norms. Managers were more likely to admit that they follow norms, mostly
due to the pressure to “get the aircraft out.” While such interesting data emerged, the chapter authors
emphasized the mere questionnaire data is not sufficient to make significant conclusions and
recommendations regarding norms. The authors recommend a more substantive study including
extensive workplace observation and interviews.

1.2.6 Enhancing Safety with Advanced Training Models

Chapter 7 focuses on building a framework for understanding and improving inspection
performance. Models are often used to ensure a complete understanding of a domain before
computer-based training is developed. The researchers, therefore, first review the literature
associated with training for inspection. Secondly, the researchers describe human inspection
performance using an engineering model. Finally, the chapter describes an Automated System of
Self Instruction for Specialized Training (ASSIST). The ASSIST system characteristics are
described and prototype computer-based training screen displays are presented. A detailed
development plan is included.

1.2.7 Evaluation of Documentation Formats

Chapter 8 reports on the evaluation of documentation formats at a participating airline partner. The
chapter describes a documentation design job aid then includes evaluative information from airline
users of the job aid. A formal experiment was conducted to measure the difference between the
same document presented in two different formats. One format followed the airlines conventional
layout, the second format used the Documentation Design Aid (DDA). The DDA was previously
developed, by this research program, as a job aid highlighting application of simplified English.
The study showed that there were fewer interpretation errors on the redesigned document. Further,
the chapter reports that the revised document shows measurable improvement in comprehension and
reduced reading time.

1.2.8 The NTSB Maintenance Accident Report Online Archive and CD

Chapter 9 describes the production process to convert 24 National Transportation Safety Board
(NTSB) hard copy documents into a digital database for inclusion on the FAA’s annual CD-ROM
and on the hfskyway.com website. Of course the end product has greater value than the report on
how the work was accomplished. The chapter is interesting because it shows that conversion of
primary source hardcopy or microfiche documents to fully searchable electronic documentation
presents numerous challenges. This project was undertaken at the request of the NTSB, as an
attempt to provide a research database for maintenance-related accidents.
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1.2.9 Wireless technology: Delivering Technical Information to Line Maintenance
Mechanics

Chapter 10 describes a field study of the application of wireless technology for delivery of technical
manuals for airline line maintenance. The study had two purposes: to evaluate human factors aspects
of wireless equipment and to assess the feasibility of such devices in the flight line environment.

The chapter describes the evaluation reporting that both radio frequency and portable data terminals
are suited to flight line access of technical manuals.

1.3 OTHER REPORTS

Four of the reports published by the research program for 1997-1998 were written to stand alone and
are not included herein. These reports had an audience with an immediate need . Therefore, they
were distributed in low volume hard copy. These reports shall be available on the 1999 CD-ROM.
The reports shall also be available on the hfskyway.com website during 1998.

1.3.1 AMT/AMT-T Curriculum: An Alternative Method of Compliance with Federal
Aviation Regulation Proposed Part 66

The first “stand-alone” report was written by Charles W. White of Aviation Technical Training and
Consulting, and Michael J. Kroes of Purdue University. The report, used as a supplement to the EAA
workshop on EAR 66, presents a proposed curriculum matched to expected regulatory changes. The
report also contains presentation slides and handouts from the three workshops conducted by the
researchers.

1.3.2 Learning from our Mistakes: A Review of Maintenance Error Investigation
and Analysis Systems

The second report was written by David Marx. It is an excellent summary of the various aviation
maintenance error reporting systems that have emerged and evolved since 1994. While not
endorsing any of the reporting systems, the strengths and weaknesses of each system are detailed.

1.3.3 Comparative Study of Personnel Qualifications & Training at Aviation
Maintenance Facilities

The third report was written by Raymond Goldsby and Galaxy Scientific Corporation. In this report
the researcher does an insightful review of personnel training and qualifications comparing airlines
to repair stations. He finds that manufacturers and large airlines offer the very best training. He also
contends that the EAA and the entire industry should “take serious and rapid action toward raising
the standards for maintenance training and qualifications, especially the minimum standards.”

The information for the report was gleaned through numerous site visits, telephone discussions, and
questionnaires. The researcher, having over 30 years of airline maintenance experience, was able to
collect an immense amount of data throughout all levels of the industry. The chapter, therefore,
details the regulatory requirements, reports on the current status of training throughout the industry,
and ends with a set of summary concerns and suggestions for action. Of particular interest are the
many frank comments from managers, aviation maintenance technicians, and other personnel from
manufacturers, airlines, and repair status.
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1.3.4 Advisory Circular for MRM and Prototype MRM Training Program

The fourth stand-alone report is a draft Advisory Circular regarding training programs for
Maintenance Resource Management. The author, Ben Sian, builds on various systems developed
throughout the industry, especially those in which Dr. Michelle Robertson has worked. The report is
clearly an excellent reference source for MRM training guidance.

1.4 SUMMARY

This phase report and the associated three reports serve to document a large portion of the
maintenance human factors research conducted in 1997 by FAA Office of Aviation Medicine. The
research and development activities in progress for 1998 and planned for 1999 shall continue to seek
pragmatic results working with industry and government partners.
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CHAPTER 2
EVALUATION OF TEAM SITUATION
AWARENESS CLASSROOM TRAINING

Mica R. Endsley, Ph.D.
SA Technologies
and
Michelle M. Robertson, Ph.D.
Institute of Systems and Safety Management, University of Southern California

2.1 OBJECTIVE

The objective of this effort was to provide an initial evaluation of the Team Situation Awareness
(SA) Classroom Training Coursel.2 and to describe a methodology and instruments for conducting
such evaluations in the future. The Team SA Training Course was developed based on an analysis
of SA requirements and problems in aviation maintenance teams.3.4 This analysis investigated
situation awareness across multiple teams involved in aircraft maintenance. It identified several
teams within the aviation maintenance setting, each of which involved leads and supervisors as well
as line personnel: aviation maintenance technicians (AMT), stores, maintenance control,
maintenance operations control, aircraft-on-ground, inspection, and planning. The analysis produced
a delineation of situation awareness requirements for each of these groups and an understanding of
the way in which each group interacts with the others to achieve SA pertinent to their specific goals.
SA appears to be crucial to the ability of each group to perform tasks (as each task is interdependent
on other tasks being performed by other team members), their ability to make correct assessments
(e.g., whether a detected problem should be fixed now or later [placarded]), and their ability to
correctly project into the future to make good decisions (e.g., time required to perform task,
availability of parts, etc.) As a part of the analysis, certain shortcomings % both in the technologies
employed and in the organizational/personnel system % were identified that may compromise team
SA in this environment.

From the analysis, five major areas for improving SA in aviation maintenance were identified:

1. There were significant differences in the perceptions and understanding of situations between
teams that were related to differences in the mental models held by these different teams. The same
information would be interpreted quite differently by different teams leading to significant
misunderstandings and system inefficiencies.

2. Not verbalizing the information that went into a given decision (the rationale and supporting
situation information) was problematic. Only the decision would be communicated between teams.
This contributed to sub-optimal decisions in many cases as good solutions often required the pooling
of information across multiple teams.

3. Alack of feedback in the system also was present. The results of a given decision would not be
shared back across teams to the team initiating an action. This contributed to the inability of people
to develop robust mental models.

4. The importance of teamwork and the need to use shift meetings to establish both shared goals
and a shared understanding of the situation was noted. The conduct of shift meetings for
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accomplishing these objectives was found to be highly variable in this environment.

5. Finally, several problems that can reduce situation awareness in individuals were noted in this
domain, including task-related and other distractions, negative effects of noise and poor lighting,
vigilance, and memory issues.

The Team SA Training Coursel.2 was developed to address the following five SA Training
concepts:

1. Shared mental models

2. Verbalization of decisions

3. Better shift meetings and teamwork
4, Feedback

5. SA training

In addition, the course also provided a review of Maintenance Resource Management (MRM)
principles which are considered to be prior knowledge requirements for the trainees. The Team SA
Training Course was designed to be presented as an eight-hour classroom delivery course. The
course was designed to be presented to personnel from across all maintenance operations
departments (also called technical operations in some airlines). The course is best taught to a class
composed of a mixed cross section from different maintenance operations organizations (e.g., stores,
AMTs, inspectors, maintenance operations control, etc.) This is because the course focuses on
helping to reduce the gaps and miscommunications that can occur between these different groups. It
was anticipated that much of the course’s benefit would come from the interaction that occurs when
trainees share different viewpoints and information in going through the exercises.

An extensive set of Powerpoint® slides covering the Team SA Training principles, group exercises,
maintenance examples, and case studies are included as part of the course to encourage active
learning. The instructional strategy used for the course features adult inquiry and discovery learning.
This allows a high level of interaction and participation amongst the trainees creating an experiential
learning process. The Team SA Training Course strongly encourages participation in problem
solving, discussion groups, and responding to open ended questions, thus promoting the acquisition
and processing of information.

2.2 TRAINING EVALUATION METHOD

Two types of training evaluations were used in the Team SA training assessment: formative
evaluation and summative evaluation. Formative evaluation occurs during the prototyping phase of
the training implementation. Immediate feedback is gathered from the trainees about the
effectiveness of the course. Specific questions were asked about the usefulness of the course and
what could be done to improve the course. This information in turn will be used to modify and edit
the existing course. Summative evaluation takes place after the prototyping of the course occurs and
looks at overall effectiveness of the training course, changes in work performance attitudes,
behaviors and knowledge, and the impact it has on organizational performance. Data collected from
the Team SA Evaluation Assessment Instruments will be used to determine which areas of the
training course will need to be revised or modified and to determine the effectiveness of the course.

2.2.1 Implementation of the Training

The Team SA Training Course was delivered by a major airline at four of its large maintenance
bases. Most of the technical operations personnel in this airline had already received MRM training
which is considered to be a precursor to the Team SA Training Course. The course was delivered
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over a two-day period by this airline. (It was expanded from the original eight-hour course design by
this airline to allow for more group exercises, interaction and case studies.)

The Team SA Training Course was delivered in a classroom that was arranged to support group
exercises and interactions, as well as multimedia presentations. Several tables were arranged in the
room with four to five participants at each table forming a small group for the group exercises. A
flip chart was provided to each group for the exercises. A break area was also provided, allowing for
an atmosphere of teamwork and casual interaction. Participants used this area for informal
discussions about the training material.

The course was delivered by one facilitator from the airline’s Human Factors Group. The facilitator

created and produced a participant handbook that included copies of the Powerpoint® slides, group
exercises, and case studies. Informational and resource material regarding internal departments
within the airline was provided. This material could be used to address issues regarding procedures,
workcards, health and safety issues, and maintenance policies. Outside references related to human
factors and risk management were also included in the handbook. This handbook was designed as a
future reference and reinforcement tool for the newly acquired Team SA skills.

The instructional delivery methods were varied and multimedia oriented. There was an effective
mix of the instructional technologies including slides, videos, and 35 mm slides. The pace of the
course was kept at a reasonably high level. In group exercises, each small group of trainees met to
analyze a case study or identify a particular set of problems and solutions. After each group exercise
their results were scripted on a flip chart and one representative from the group presented their
findings to the main group. All of these flip charts were then posted around the room for future
reference. At the end of the day the facilitator used them to reinforce the key learning
accomplishments of the day and how the Team SA skills applied in the training activities.

2.2.2 Course Participants

Seventy-two people from nine different maintenance locations attended the training sessions at
which the present evaluation took place. Participation in the course was voluntary and participation
in the course evaluation was also voluntary and confidential. Participants were present from a full
cross-section of shifts, as shown in Eigure 2.1. The majority of the participants were male (86%),
however, 14% of the participants were female. The participants came from a wide range of technical
operations departments and job titles, as shown in Eigure 2.2. The most frequent job title was that of
line mechanic (AMT), followed by leads and supervisors. A good cross section of other
organizations within the Technical Operations Group were also represented, including inspection,
planning, and documentation support personnel. Attendees were very experienced at their jobs and
within the organization and had a fair amount of education as shown in Table 2.1.
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Figure 2.1. Participants’ Work Shift and Gender
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Figure 2.2. Participants’ Job Titles

Table 2.1. Participants’ Age, Education and Experience

Demographic Mean Years Standard Deviation

Years in Position 10.14 14.04

Years at Airline 12.16 5.37

Military Experience 4.71 2.66

Trade School 2.28 0.87

College 2.33 0.76

Age 40.11 7.5

2.2.3 Course Evaluation Measures
The Team SA training evaluation process consisted of three levels:
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1. value and usefulness of the training
2. pre/post training measures

3. changes in behavior on the job.

2.2.3.1 Value and Usefulness of the Training

There were a number of questions that were asked of the participants to gage their reactions to the
training: how they liked it and how useful they felt that it was for their jobs. Shown in Appendix 2-
A, this Training Evaluation addressed the following questions:

Did the trainees find the training concepts important to their jobs?
Will they be able to use the training concepts and skills in their jobs?
What were the particularly good aspects of the training?

- Does this training have the potential to increase aviation safety and Team SA
effectiveness?

What improvements can be made to the training?

2.2.3.2 Pre/Post Training Measures

The amount of learning in attitudes and behaviors related to SA was also measured. Shown in
Appendix 2-B, this evaluation was provided immediately prior to the training to assess knowledge
and behaviors of the trainees related to SA. It was administered again immediately following the
course to measure changes in attitudes and self-reported intentions to change behavior as a result of
the training. It addressed the following aspects of the training:

The trainees’ current knowledge of factors related to Team SA.
Self-reported behaviors related to Team SA.
The current level of the trainees’ perceived importance regarding the training concepts.

The intended behaviors of the trainees--How will they use the training on their jobs?

2.2.3.3 Changes in Behavior on the Job

Shown in Appendix 2-C, the same pre/post training evaluation measure was administered again one
month later to determine actual changes in SA related performance behaviors on the job as a result of
the training course. In addition, open-ended questions were provided as a follow-up. It addressed the
following issues:

How have the trainees used the Team SA concepts in their jobs?
What self-reported behavior changes have occurred?
What were useful aspects of the training?

What improvements could be made to the training?

2.3 ANALYSIS METHOD

The feedback from the course was tabulated and analyzed to determine the trainees’ perceptions
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towards the Team SA Training Course. The course evaluation form was analyzed to determine
descriptive statistics regarding the participants’ opinions regarding the course material and content.
These evaluations were compared to participant demographics using analysis of variance to ascertain
any meaningful differences between the participants. A .05 level of significance was used for all
statistical analyses.

The SA behavior evaluation forms were analyzed to determine changes in SA behaviors and
knowledge for each participant based on the three administrations of the form (pre-training, post-
training, and one month after training). A factor analysis was applied to the questionnaire to
determine whether subsets of the form were appropriate. A Wilcoxon non-parametric analysis was
then applied to determine which factors on the questionnaire were affected by the Team SA Training
Course, comparing each item on the pre-test to the same item on the post-test. The same statistical
analysis was conducted to determine whether these measures changed after one month on the job
following training or remained stable by comparing each item on the post-test to the corresponding
item on the one-month questionnaire. A .05 level of significance was used for all statistical analyses.

2.4 RESULTS OF TRAINING EVALUATION

2.4.1 Value and Usefulness of the Training

The post-training course evaluation was used to measure the level of usefulness and perceived value
of the course. Course participants scored each subsection of the course on a five-point scale which
ranged from 1 (waste of time) to 5 (extremely useful). As shown in Eigure 2.3, they rated the MRM
review topics very highly. On average, they rated these topics as very useful (mean scores between
3.5to0 4.4). The discussion of chains of events leading to accidents and “link-busters,” techniques for
breaking the chain of events, were rated among the highest in the MRM section. There were very
few ratings in the low end of the scale on any of the MRM training content topics.

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/In...  2/1/2005



NextPage LivePublish Page 7 of 30

60 -
=h 8 = =
40 - = =
> s E
c 30 = =
g = =
o 20 - = =
o = =
- 10 - N E § =
P N ; N B =
] ] ] 1 ]
i) w
- E — [ =
= g 2 2 £ £ 2
w g E 5 = £ @
= = = o = =
m L — L e = [
£ W @ e = W
= 5 & S 3 @
== E = =
[ A
LL L=
= L=
o]
=
=
==
H  Waste of Time Somewhat Useful B  Extremely Useful
B Shohily Useful ] Very Useful
Figure 2.3. Evaluation of Course Module: MRM Review
60 -
50 -
X 40-
-
o 30-
®
3 20°
&
&= 10- * § E
U-\- ] ] = ] = ] ] ] ]
. s @ P
5 5 g 2 g K
E 2 o <L = 'E_ L4
T [ il m o] =
E D’: ‘I = Q E -
o T = = y
L - O H
n o o q
= [ E
o "
O o I
o d
| n
£
7,

B Waste of Time Somewhat Useful B  Extrem ely Useful
B Slishily [ Very Useful

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/In...  2/1/2005



NextPage LivePublish Page 8 of 30

Figure 2.4. Evaluation of Course Module: SA Topics

Figure 2.4 shows the ratings for the components of the course that presented and discussed situation
awareness principles directly. Again, these topics were rated very highly with most participants
(72% to 86%) evaluating the training material as very useful or highly useful. Mean scores on these
SA topics ranged between 3.8 and 4.1.

Training evaluation ratings related to the three final training objectives--communicating decisions,
teamwork and shift turnovers, and feedback--are shown in Eigure 2.5. Ratings on these training
objectives were very good as well. Mean ratings varied between 4.3 and 4.7. Between 88% and
96% of the participants rated this information as very useful or highly useful.

As the course was designed to encourage a great deal of participation and interaction on the part of
the trainees, it utilized appropriate instructional techniques, including aviation maintenance videos,
case studies, and group exercises to reinforce the concepts taught in the course. Twelve different
maintenance case studies were included in the course. The mean rating for these case studies was
4.2, as shown in Figure 2.6, corresponding to a rating slightly over very useful. Mean ratings for
each individual case study varied from 4.0 to 4.4. All of the case studies were viewed very
positively by the participants. Similarly, the maintenance video used in the course received a mean
rating of 4.2, indicating it was also viewed as very useful. The six group exercises included in the
course each received a mean rating of between 4.0 and 4.3, averaging to a mean rating of 4.2. Again
this material was viewed very positively by the course participants.
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Figure 2.5. Evaluation of Course Module: Communications Topics
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Figure 2.6. Evaluation of Course Training Methods & Media

In addition to rating topics in the course, participants also answered several questions related to the
course as a whole, shown in Eigure 2.7. The mean rating for the course overall was 4.3,
corresponding to better than very useful. A whopping 89% of the participants viewed the course as
either very useful or extremely useful, representing a high level of enthusiasm for the course. There
were no low ratings of the course as a whole. Over 94% of the participants felt the course was either
very useful or extremely useful for increasing aviation safety and teamwork effectiveness (mean
rating of 4.4). Over 89% felt the course would be either very or extremely useful to others (mean
rating of 4.3). When asked to what degree the course would affect their behavior on the job, 83%
felt they would make a moderate change or a large change, as shown in Figure 2.8.
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Figure 2.7. Overall Course Evaluation

Trainees also provided written comments on the course regarding how they would use the material.
Over 95% of the course participants provided written comments. These comments were content
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coded and categorized into groups. As shown in Eigure 2.9, participants stated they would use the
training on the job to: become more aware and improve SA on the job (39%); increase open,
positive communication including written communications (26%); and to try to learn more about
other departments and improve SA between departments (21%). They also mentioned having better
shift turnovers (14%), improving job flow and following procedures (11%), and breaking the chain
of events to improve safety (12%).

Aspects of the course which participants particularly liked are shown in Eigure 2.10. These
comprised group involvement and discussion including interaction between different departments
(55%), understanding how to communicate better (28%), and the case studies (22%). Also listed
were SA as a whole (12%), chain of events and link busters (10%), videos (10%), and all of it
(12%). Ten percent stated that they felt all AMTSs needed this training.

Recommended improvements to the course are shown in Figure 2.11. Participants suggested
providing even more examples, case studies, exercises, and discussion (26%), keeping a mix of
trainees from different departments in the course (13%), and providing follow-up training (13%).
Approximately 17% of the participants said no improvements were needed.
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Will training 20 -
change
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NHo Change
Slight Change
Moderate Change

Figure 2.8. Perceived Affect of Course on Behavior
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Figure 2.9. Participant’s Use of Training on the Job

Overall, the evaluation that participants provided after taking the SA Team Training Course was
overwhelmingly positive. Trainees felt the course was very useful and were complimentary about
almost all aspects of the course. In particular they felt the amount of participation and job relevance
provided by the examples, case studies and exercises were particularly important and wanted even
more.
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Figure 2.10. Preferred Aspects of the Training
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Figure 2.11. Recommended Course Modifications

2.4.2 Pre/Post Training Measures

The mean change in the post-test compared to the pre-test on each behavior (described in the
pre/post self-reported SA behavioral measure form Appendix 2-B) was also assessed. A factor
analysis on the questionnaire revealed a moderate degree of homogeneity. That is, responses on the
items were somewhat interrelated; however, no large groupings of related factors were revealed to
explain a large portion of the variance. Only one factor accounted for more than 10% of the
variance, with most accounting for less than 5%. The questionnaire was, therefore, treated as a set of
independent items. Changes on each item were compared for each subject using a paired
comparison analysis (pre-test to post-test).

The Wilcoxon non-parametric statistical analysis revealed that attitudes and self-reported behaviors
changed significantly on seven of the 33 items. These are shown in Figures 2.12 and 2.13.
Participants reported after the training they would be more likely to keep others up-to-date with their
status as they perform their jobs (an increase of 15%). They also were slightly more likely to report
that they would try to keep up with what activities others were working on over the course of the
shift (an increase of 10%). Both of these items relate to improved situation awareness across the
team.

Participants reported they would be more likely to try to understand others’ viewpoints when
engaged in a disagreement with other departments (an increase of 15%). This relates to an effort to
develop better shared mental models regarding other departments. In addition, participants reported
changes in several behaviors related to improved communications and teamwork. They were more
likely to report improved written communication when sending an aircraft with a minimum
equipment list (MEL) to another station (an increase of 21%). Participants were more likely to
report that they would make sure to pass on information about an aircraft and work status to the next
station (an increase of 13%).

They were also more likely to report making sure all problems and activities are discussed during
shift meetings (an increase of 11%), and encouraging others to speak up during shift meetings to
voice concerns or problems (an increase of 12%).

These differences between the pre-test and post-test measures on SA related behaviors and attitudes

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/In...  2/1/2005



NextPage LivePublish

Page 13 of 30

indicates that in addition to participants responding positively to the course, they reported actual
changes in behaviors they would make on the job as a result of the course, thus improving SA on the

job both between and within maintenance teams.
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Figure 2.12. Reported Behavior Changes Resulting From Training
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2.4.3 Changes in Behavior on the Job

Figure 2.13. Reported Behavior Changes Resulting From Training

In order to assess whether participants actually made the intended changes in their job behaviors

following the course, the same form was again administered one month following the course. At the

time of this analysis, the participants of only one course had been on the job for a full month
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after the training session. Of these participants (17), six responses were available for this analysis
(representing a return rate of 35% which is typical of mail-in questionnaires). A paired comparison
of responses on each item between the post-test questionnaire and the one-month questionnaire was
made using the Wilcoxon test. This analysis revealed no changes on any of the test items at a .05
level of significance. Therefore, it would appear that the behaviors participants reported they would
engage in following the training were carried out in practice, at least for this small sample.

In addition, participants provided written comments to four questions. All returned forms included
responses to these questions. These comments are summarized in Tables 2.2 and 2.3. As shown,
these comments mirror the written comments provided immediately following the training.

Table 2.2. Comments on Training After 1 Month: Changes on Job

What changes have you made as a result of the Human Factors/MRM training?
Stop and think before charging through

Be more attentive to how Human Factors elements impact my work

Follow-up and double check all work

Provide better information for others

Spend more time learning other departments functions and point of view

More assertive, verbal and express concerns

How will you further use Human Factors/MRM training in the coming months?
Be a better team player

Teach others by example

Continue to be attentive and safety minded

Continue to pass on information to others

Be aware how my decisions affect others

Continue to spend time learning other departments function and viewpoints

Continue to work better with others

Table 2.3. Comments on Training After 1 Month: Evaluation

Looking back on it now, what aspects of the training were particularly good?

Group exercises

Being aware of when the slightest piece of the puzzle is missing can lead to severe consequences
Interaction in small groups with people from other departments (4)

What do you think could be done to improve Human Factors/MRM training?
Have management reinforce this training more actively

More case studies

More group exercises & interaction (2)

Discuss & practice more teamwork skills

More training

2.5 DISCUSSION OF FINDINGS

Overall, the SA Team Training Course was highly successful. The course content associated with all
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of the major training objectives was rated very highly with the vast majority of participants rating
each area as very useful or extremely useful. The course was viewed overall as being between very
useful and extremely useful for increasing aviation safety and in terms of usefulness to others. The
course training methods and media (including the case studies, videos, and group exercises) were
viewed as particularly successful and supportive in acquiring the learning objectives. In fact, the
only suggestion many participants had for improvement was to use even more of these materials.
Clearly an instructional strategy that emphasized experiential learning and participation was
effective for achieving the training objectives and facilitating the learning process.

The course was administered to a fairly experienced aviation maintenance group who represented a
wide range of departments and skill areas within the Technical Operations Department of the airline.
The fact that the course included such a mix of participants also was viewed as a key ingredient in its
success. The mixed group allowed people from different areas to better understand each other’s
viewpoints, contributing to the development of shared mental models and open communications for
future decision making.

The majority of participants felt that the course would result in making changes in their behaviors on
the job. The results of the follow-up questionnaire, administered one month after the training course,
supported these intentions. The self-reported behavior follow-up questionnaire showed that
participants were making the changes they had intended to make following the training.

These results are very similar to those achieved in previous evaluations of MRM training programs
which have been shown to be highly successful in improving safety and performance in aviation
maintenance. Figure 2.14 illustrates the enthusiastic support for Crew Resource Management
(CRM) and MRM courses by flight operations and maintenance participants respectively as
measured immediately following training.5 This is compared to the response measured in this study
to the Team SA Training Course. Nearly two-thirds of the flight operations groups reported that the
CRM training was very useful or extremely useful.6 Even though this response is very strong, the
response of maintenance personnel to the MRM training was even stronger. Ninety percent of the
maintenance personnel sampled at two different airlines felt the course was very useful or extremely
useful.7.8 The Team SA Training Course, evaluated in this study, drew a response that was
comparable to that found for the highly successful MRM Training program that was conducted at the
same airline.5 Based on this result, it can be concluded that the Team SA Training Course is viewed
as highly useful at a rate that is favorably compared to previous courses in the MRM/CRM area.

Percentage Reporting Usefulness of Training
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Figure 2.14. Comparison of Team SA Training Course Usefulness to CRM/MRM
Courses

Figure 2.15 compares the post-training assessment of the degree to which trainees felt they would
change their behavior as a result of the course to similar assessments from CRM and MRM
programs.5 The comparison samples are from flight operations CRM courses9 and a maintenance
operations MRM course conducted at the same airlines as the present study.5 Nearly 90% of the
trainees in the MRM course felt they would make a moderate or large change as a result of the
course, as compared to approximately 30% in the flight operations sample. In comparison, 86% of
the trainees in the Team SA Training Course gave a similar response, again comparing favorably
with previous MRM evaluations. The maintenance groups regard MRM and Team SA Training as
having a strongly positive potential for impacting both job performance and safety.

2.6 RECOMMENDATIONS

As a result of this analysis, very few modifications to the course appear to be needed. Participants
mainly wanted more of everything: more interaction, more case studies, more group exercises and
more discussion. They particularly felt management support of the concepts (both in training and in
practice) and the mixing of the departments was important. As the course already features a high
level of all these elements, these findings can be taken to mean that the course is designed and
developed effectively, supporting the achievement of the training objectives. These findings can
serve to reinforce the value of the instructional design and the delivery of the course by the airline
facilitator who provided many case studies and exercises in addition to those initially provided.
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Figure 2.15. Comparison of Self-Reported Behavior Change with TeamA

This evaluation represents an initial evaluation of the Team SA Training Course in its prototype
implementation phase. It was the first time the course had been offered to a group of technical
operations personnel. The fact that it was viewed so positively as useful to maintenance operations
is highly indicative of its success. It is strongly recommended that the airline continue to implement
the course and that additional airlines consider adopting the course.

These findings are based on the responses of an initial group of course participants. To further
validate these findings, this evaluation should be continued with succeeding groups of trainees in the
course. In addition, more follow-up research is needed to validate the results of the on-the-job
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behavior changes. At the time of this analysis, very few course participants had been back on the job
for one full month. Therefore, the sample size for this analysis was very small, probably too small
for much confidence in the results. By following up with the remaining participants at the one
month point (and again at longer durations), more reliable results can be obtained regarding the
degree to which the training effected job behaviors related to SA.

Finally, it would be highly desirable to ascertain the degree to which the training impacts critical
maintenance performance measures at the airline. The bottom-line objective is to reduce
maintenance errors, improve aviation safety and improve performance. Since the course had been
administered to so few participants (scattered over 9 cities), making any meaningful assessment of
the effect of the training on performance outcomes was not feasible in this study. In the future,
however, the effect of the training implementation on several key safety and performance measures
should be assessed. These include:

Safety performance measures: ground damage, occupational injury rates, loss days
Dependability performance measures: departures times, head starts

Efficiency performance measures: MELS, rotable and expendable parts, overtime.

A longitudinal trend analysis of these measures across departments and locations with personnel
participating in the training would be highly beneficial. This must be done over a period of time in
which large portions of the airline receive the Team SA Training program.

Overall, the value of the Team SA Training Program has been supported by this analysis and its
future implementation within this airline and others is strongly encouraged.
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2.8 APPENDICES

2.8.1 APPENDIX 2-A: TRAINING ASSESSMENT FORM
MRM--11 Team SA Training Experience and Evaluation
For each of the topic areas of training techniques listed below, please rate the value of this aspect of

the training to you. Rate each item by choosing the number on the scale below which best describes
your personal opinion and then write the number beside the item.

1 2 3 4 5
Waste of  Slightly Somewhat Very Extremely
Time Useful Useful Useful Useful

MRM Review and Background

Human Error
Human Factors Elements
SHELL
Chain of events
“Link Busters”
Dominos

Swiss Cheese

Situation Awareness (SA)

Levels of SA
Role of SA
SA Problems

Consequences of Poor SA
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_____ "Loosing the Bubble”
Developing SA

Shared mental models

1 2 3 4 5
Waste of  Slightly Somewhat Very Extremely
Time Useful Useful Useful Useful

Communication

Communicating Decisions
Shift Turnovers
Teamwork

Feedback

CASE STUDIES

_____American Airlines Flight #191

_____Aloha Airlines, Flight #243

_____Nationair, Flight #2120

_____British Airways, flight #5390

____AMT trapped in MLG Doors

_____ Eastern Airlines, Flight #855

___Loss of Thrust Reverser on Landing

_____Inflight Separation of the Horizontal Leading Edge
____Inadvertent Engine Start in Hangar
_____Maintenance Taxi- Collision with another Aircraft
_____Maintenance Taxi into Terminal #1

Maintenance Taxi into Terminal #2
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1 2 3 4 5

Waste of ~ Slightly Somewhat Very Extremely
Time Useful Useful Useful Useful
VIDEOS:

Maintenance Video

GROUP EXERCISES:

_____ SA problems and solutions within Tech Ops

_____ Gaps between Maintenance Operations groups

____ Written communication

_____Information “gaps” between maintenance operations groups
_____ Teamwork Exercises

Feedback Exercise

OVERALL, how useful did you find the training

HUMAN FACTORS AND MRM TRAINING:

1. Human FactorssMRM training has the potential to increase aviation safety and teamwork
effectiveness.

1 2 3 4 5
Waste of  Slightly Somewhat Very Extremely
Time Useful Useful Useful Useful

2. This Human FactorsyMRM seminar will be useful to others.

1 2 3 4 5
Waste of  Slightly Somewhat Very Extremely
Time Useful Useful Useful Useful

3. Isthe training going to change your behavior on the job? (circle one from list below)
No Change A Slight Change A Moderate Change A Large Change

4. How will you use this training on your job?
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5. What aspects of the training were particularly good?

6. What do you think could be done to improve the training?

PLEASE GO ON TO THE NEXT PAGE

BACKGROUND INFORMATION

JOB TITLE:

YEARS IN PRESENT POSITION with CAL:

TOTAL YEARS with CAL:

DEPARTMENT YOU WORK IN:

YOUR CITY NAME OR CODE:

SHIFT:

PAST EXPERIENCE or TRAINING (# OF YEARS: fill in below)
MILITARY
TRADE SCHOOL
COLLEGE

OTHER AIRLINE
(Specify )

YEAR of BIRTH: 19
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MALE (M) or FEMALE (F):

2.8.2 APPENDIX 2-B: PRE/POST EVALUATION FORM

Pre-Training Last 4 digits of SS#

Session

MRM I1: Situation Awareness

Rate the degree to which the following statements describe your current behavior in the workplace:
1 2 3 4 5

strongly somewhat neutral somewhat strongly
disagree  disagree agree agree

(1) It takes unneeded effort to find the information | need on workcards, logs and the
computer.

(2) When performing my tasks, | am often distracted by other tasks that need my attention.

(3) I often already know what is wrong with a system, even before | take it apart because |
have worked on aircraft for so long.

(4) When performing my tasks, I am often distracted by the conversations and activities of
others around me.

______(5) Itrytodevelop a better understanding of how systems work by learning from each job.
______(6) 1 keep others up-to-date with the status of my tasks as | go along.

(1) lusually know what activities others are working on over the course of the shift.
___(8) I' make sure to pass on to the next shift the status of all ongoing activities and tasks.

(9) I actively work with people from the prior shift to find out what tasks have been done and
what tasks still need to be done.

(10) I am extra vigilant in making sure that I read information correctly when working in
poorly lit environments.

(11) At the end of the shift | always make sure to double check for loose parts and tools.

(12) During walk arounds, | am extra careful to check for loose parts and tools.
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(13) I am always careful to follow the workcards exactly on every step.

(14) When | have made a difficult repair, | follow up down the line to make sure the repair
worked to solve the problem.

(15) I never assume that someone else has performed a task or step; | always check to insure
that it has been done.

(16) 1 fully understand the tasks and goals of other tech ops organizations.

(17) When I have a disagreement with another tech ops organization, I always try to
understand why they have a different viewpoint.

(18) When working with others, | always tell them what I think needs to be done.

(19) I always explain the reasons for my decisions when I am telling others what needs to be
done.

(20) When I must MEL a problem for another shift or station, | always write down all the
trouble shooting steps | have taken as well as what | think needs to be fixed.

(21) When I am having a disagreement with someone, | always try to understand why they are
making a different recommendation or decision.

(22) 1 always make sure all problems and ongoing activities are discussed during shift
meetings.

(23) I always make sure to pass on information about each aircraft and work status when it
goes to the next station.

(24) When I am involved in a difficult joint trouble shooting problem, try to be very explicit
with others about what has been done and what | think needs to be done.

(25) I always document everything I do very carefully and fully in the log.

(26) During a shift meeting | make sure that | pass on known information on aircraft status
and special problems.

(27) During a shift meeting | work to create a shared understanding of what is going on across
the whole team.

(28) 1 make the goals of the maintenance team as a whole explicit during the shift meeting.

(29) During a shift meeting | work to insure that each person understands their individual
tasks and how their tasks may have an impact on or by impacted by the tasks of others.

(30) People on my team work to help each other with their tasks.
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(31) People on my team usually understand what tasks others on the team are doing.

(32) People on my team work to keep each other up-to-date on the status of their activities
over the course of the shift.

(33) 1 work to encourage everyone to speak up during shift meetings to voice their concerns,
problems and suggestions.

Post-Training Last 4 digits of SS#

Session

MRM I1: Situation Awareness

Rate the degree to which the following statements describe your intended behavior in the
workplace:

1 2 3 4 5

strongly somewhat neutral somewhat strongly
disagree disagree agree agree

(1) It takes unneeded effort to find the information | need on workcards, logs and the
computer.

(2) When performing my tasks, | am often distracted by other tasks that need my attention.

(3) I often already know what is wrong with a system, even before | take it apart because |
have worked on aircraft for so long.

(4) When performing my tasks, I am often distracted by the conversations and activities of
others around me.

(5 Itryto develop a better understanding of how systems work by learning from each job.
______(6) I keep others up-to-date with the status of my tasks as I go along.

(1) lusually know what activities others are working on over the course of the shift.
_____(8) I make sure to pass on to the next shift the status of all ongoing activities and tasks.

(9) I actively work with people from the prior shift to find out what tasks have been done and
what tasks still need to be done.

(10) I am extra vigilant in making sure that I read information correctly when working in
poorly lit environments.

(11) At the end of the shift | always make sure to double check for loose parts and tools.
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(12) During walk arounds, | am extra careful to check for loose parts and tools.
(13) I am always careful to follow the workcards exactly on every step.

(14) When I have made a difficult repair, | follow up down the line to make sure the repair
worked to solve the problem.

(15) I never assume that someone else has performed a task or step; | always check to insure
that it has been done.

(16) 1 fully understand the tasks and goals of other tech ops organizations.

(17) When I have a disagreement with another tech ops organization, I always try to
understand why they have a different viewpoint.

(18) When working with others, | always tell them what I think needs to be done.

(19) I always explain the reasons for my decisions when | am telling others what needs to be
done.

(20) When I must MEL a problem for another shift or station, | always write down all the
trouble shooting steps | have taken as well as what I think needs to be fixed.

(21) When I am having a disagreement with someone, | always try to understand why they are
making a different recommendation or decision.

(22) 1 always make sure all problems and ongoing activities are discussed during shift
meetings.

(23) I always make sure to pass on information about each aircraft and work status when it
goes to the next station.

(24) When I am involved in a difficult joint trouble shooting problem, try to be very explicit
with others about what has been done and what | think needs to be done.

(25) 1 always document everything I do very carefully and fully in the log.

(26) During a shift meeting | make sure that | pass on known information on aircraft status
and special problems.

(27) During a shift meeting | work to create a shared understanding of what is going on across
the whole team.

(28) 1 make the goals of the maintenance team as a whole explicit during the shift meeting.

(29) During a shift meeting | work to insure that each person understands their individual
tasks and how their tasks may have an impact on or by impacted by the tasks of others.

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/In...  2/1/2005



NextPage LivePublish Page 27 of 30

(30) People on my team work to help each other with their tasks.
(31) People on my team usually understand what tasks others on the team are doing.

(32) People on my team work to keep each other up-to-date on the status of their activities
over the course of the shift.

(33) 1 work to encourage everyone to speak up during shift meetings to voice their concerns,
problems and suggestions.

2.8.3 APPENDIX 2-C: EVALUATION OF CHANGES ON JOB

Post-Training: 1 month followup Last 4 digits of SS#
Session

MRM IlI: Situation Awareness

Rate the degree to which the following statements describe your current behavior in the workplace:
1 2 3 4 5

strongly somewhat neutral somewhat strongly
disagree disagree agree agree

(1) It takes unneeded effort to find the information | need on workcards, logs and the
computer.

(2) When performing my tasks, | am often distracted by other tasks that need my attention.

(3) I often already know what is wrong with a system, even before | take it apart because |
have worked on aircraft for so long.

(4) When performing my tasks, | am often distracted by the conversations and activities of
others around me.

(5 Itryto develop a better understanding of how systems work by learning from each job.
______(6) I keep others up-to-date with the status of my tasks as I go along.

(1) lusually know what activities others are working on over the course of the shift.
____(8) I make sure to pass on to the next shift the status of all ongoing activities and tasks.

(9) 1 actively work with people from the prior shift to find out what tasks have been done and
what tasks still need to be done.
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(10) 1 am extra vigilant in making sure that I read information correctly when working in
poorly lit environments.

(11) At the end of the shift I always make sure to double check for loose parts and tools.
(12) During walk arounds, | am extra careful to check for loose parts and tools.
(13) 1 am always careful to follow the workcards exactly on every step.

(14) When I have made a difficult repair, | follow up down the line to make sure the repair
worked to solve the problem.

(15) I never assume that someone else has performed a task or step; | always check to insure
that it has been done.

(16) 1 fully understand the tasks and goals of other tech ops organizations.

(17) When I have a disagreement with another tech ops organization, I always try to
understand why they have a different viewpoint.

(18) When working with others, | always tell them what I think needs to be done.

(19) I always explain the reasons for my decisions when I am telling others what needs to be
done.

(20) When I must MEL a problem for another shift or station, | always write down all the
trouble shooting steps | have taken as well as what I think needs to be fixed.

(21) When I am having a disagreement with someone, | always try to understand why they are
making a different recommendation or decision.

(22) 1 always make sure all problems and ongoing activities are discussed during shift
meetings.

(23) 1 always make sure to pass on information about each aircraft and work status when it
goes to the next station.

(24) When I am involved in a difficult joint trouble shooting problem, try to be very explicit
with others about what has been done and what | think needs to be done.

(25) 1 always document everything | do very carefully and fully in the log.

(26) During a shift meeting | make sure that | pass on known information on aircraft status
and special problems.

(27) During a shift meeting | work to create a shared understanding of what is going on across
the whole team.

(28) 1 make the goals of the maintenance team as a whole explicit during the shift meeting.
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(29) During a shift meeting | work to insure that each person understands their individual
tasks and how their tasks may have an impact on or by impacted by the tasks of others.

(30) People on my team work to help each other with their tasks.
(31) People on my team usually understand what tasks others on the team are doing.

(32) People on my team work to keep each other up-to-date on the status of their activities
over the course of the shift.

(33) I work to encourage everyone to speak up during shift meetings to voice their concerns,
problems and suggestions.

1. What changes have you made as a result of the Human Factors/MRM training?

2. How will you further use the Human Factors/MRM training in the coming months?

3. Looking back on it now, what aspects of the training were particularly good?
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4. What do you think could be done to improve Human Factors/MRM training?

BACKGROUND INFORMATION

JOB TITLE:

YEARS IN PRESENT POSITION with CAL:

TOTAL YEARS with CAL:

DEPARTMENT YOU WORK IN:

YOUR CITY NAME OR CODE:

SHIFT:

PAST EXPERIENCE or TRAINING (# OF YEARS: fill in below)
MILITARY
TRADE SCHOOL
COLLEGE
OTHER AIRLINE
(Specify )

YEAR of BIRTH: 19
MALE (M) or FEMALE (F):
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CHAPTER 3
LINE-ORIENTED HUMAN FACTORS TRAINING:MRM Il

Benjamin Sian, M.S.

Galaxy Scientific Corporation
Advanced Information Technology Division
and
Michelle Robertson, Ph.D.
University Southern California

3.1 INTRODUCTION

This report was created to help plot future directions for Maintenance Resource Management.
Maintenance Resource Management (MRM) is a “general process for improving communication,
effectiveness and safety in airline maintenance operations.”1 Much as crew resource management
(CRM) was created to address safety and teamwork issues in the cockpit, FAA researchers, in
conjunction with industry partners, developed MRM to address teamwork deficiencies within the
hanger. By doing so, it is hoped that MRM will foster a culture of safety in all maintenance
operations.

Although MRM is an outgrowth of CRM, differences between the two exist. Other than the obvious
(training population, training context), other, more subtle differences affect the transition from CRM
to MRM.2 The purpose of this report is three-fold. First, both MRM and CRM are reviewed within
the context of safety and training. Second, the similarities and the differences between CRM and
MRM are highlighted. Third, recommendations for developing the next stage in MRM training,
MRM llIl, are presented.

3.2 ACCIDENT CAUSATION

An “accident” as defined by the Random House Dictionary of the English language (2nd ed.) is “any
event that happens unexpectedly without a deliberate plan or causes; by chance, fortune, or luck.”
However, most accidents rarely occur by chance at all, and their causes can be tracked.3 Accidents
are usually the result of an accumulation of factors whose results are seen in their consequences.
These factors are numerous and range from the measured reliability, both on an individual and
organizational level, of completing a task successfully to reliability's converse, the incidence of error
present during task completion.

A widely accepted model of human error is Reason’s classification of unsafe acts.3 The defining
characteristic of Reason’s taxonomy involves the intentionality of the act or behavior which led to
the mishap. Reason asserts that unsafe acts can be categorized as either intentional or unintentional.
Unintentional actions are due to either memory failures or failures of attention.

In addition to the intentionality of the error actions, error may have differential effects, especially in
a systemic analysis of mishaps and disasters. Reason distinguishes between two types of errors: 1)
active errors, whose effects are felt immediately in a system, and 2) latent errors, whose effects may
lie dormant until triggered later, usually by other mitigating factors.3 The presence of defenses or
safeguards in a system can usually prevent the effects of latent errors from being felt by closing the
“window of opportunity” during which an active failure may be committed.
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Active errors are usually the result of “front-line” operators such as pilots, air traffic controllers, or
anyone else with direct access to the dynamics of a system. Latent errors, on the other hand, are
associated with those individuals separated by time and space from the consequences of the system.
Examples include architects, hardware designers, and maintenance personnel. Differences between
active and latent errors cannot be over emphasized; each type of error helps to shape the type of
training required to correct them. Therefore, maintenance personnel may require more thorough
human factors and operations training to account for their susceptibility to latent errors.

In an example specifically related to aircraft maintenance, Marx and Graeber categorized human
error two ways.4 The first refers to an error which results in a discrepancy that was not present prior
to initiating the maintenance task. Such an error is comparable to an error of commission. Examples
of these error types include the incorrect installation of a unit or damaging a piece of equipment in
the maintenance process. The second error category includes those errors in which damage results
from the failure to detect aircraft degradation in a maintenance task. This is akin to an error of
omission. An example of such an error could include the failure to notice a structural fatigue crack
in a visual inspection. Though MRM does not address these particular error categories short of
training AMTSs to be aware of them, it is important to note that many researchers have studied, and
continue to study, the role of the AMT in accident causation.

3.3 INSTRUCTION SYSTEMS DESIGN

Training is defined by Goldstein as the “systematic acquisition of skills, rules, concepts, or attitudes
that result in improved performance in another environment”, and is divided into three phases.5 The
first is the needs assessment phase, a process of determining what “skills, rules, concepts, or
attitudes” should be trained and whom should receive the training. The training phase which
follows encompasses the selection and design of the actual training program and its implementation.
Finally, the evaluation phase assesses a training program in order to judge its effectiveness or, in
other words, test the notion that the training “resulted” in improved performance. Together, these
phases embody the *“systematic” process favored by most training theorists and practitioners.

Though there are several models of training in the literature, Table 3.1 lays out the basic instructional
design as proposed by Goldstein.

Table 3.1. Generic Instructional Design Methodology

Phase |I: Needs 1. Conduct needs assessment.
Assessment a. organizational analysis

b. task analysis

C. person analysis

2. Create instructional

objectives.
Phase II: Training and | 1 Select/Design instructional Develop evaluation criteria (occurs
Development programs. concurrently).
a. select/develop media
2. Deliver training.
Phase Ill: Evaluation 1. Test training effectiveness. Match evaluation criteria to instructional
objectives through experimental design
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trainee reaction (occurs concurrently).

o ®

trainee learning

trainee behavior

T

d. organizational

effectiveness

2. Revise training if necessary.

3.3.1 Training Evaluation

The final step in a training development program is the training evaluation. Evaluation, as defined
by Goldstein5 is “the systematic collection of descriptive and judgmental information necessary to
make effective training decisions related to the selection, adoption, value, and modification of
various instructional activities.” In short, the evaluation phase allows one to test if the training
program is, first, beneficial and, second, has truly had the desired effect on trainees. This definition
accounts for the dynamic nature of most training programs, allowing one to modify the evaluated
course to achieve multiple instructional objectives. It is important to consider the evaluation stage of
training before developing a final program. In most cases, the ability to evaluate properly a training
program is driven by its initial structure. Therefore, a cursory discussion of training evaluation is
presented.

Before choosing an evaluation technique, however, one must consider a variety of methodological
and organizational constraints. From the methodological standpoint, just as criteria were developed
for training to represent the desired job skills, criteria must also be developed to measure adequately
a training program’s success.5 In order to achieve this, relevant criteria must be chosen that
accurately reflect both the knowledge, skills and abilities (KSAs) developed during needs analysis
and the objectives specified by the training program itself. For example, just because a trainee is
able to demonstrate a new skill, such as the ability to use a new word processor, that does not ensure
that the goal of the program, switching an entire office to a word processing standard, will be
achieved. Thus, both goals are important for a full training evaluation.

Finally, four levels of evaluation criteria have been identified.6 They are reaction, learning,
behavior, and results. Reaction and learning refer to the extent that a trainee likes a program and
learn relevant information from it, respectively. MRM 111 represents the final stage in the
development of MRM training. Though reaction and learning-level criteria are important and can be
measured, behavioral and performance-level criteria remain the primary focus of MRM Il11
evaluation.

3.3.2 Safety Training

Training for enhancing safety has long been a practice in industry. Compliance with the
Occupational Safety and Health Administration (OSHA) regulations has been the driving factor
behind many of these safety training initiatives.7 However, beyond this mere compliance, a safe
workplace ensures uninterrupted and continuous operations, especially when reliability (e.g.,
smoothly running aircraft) is one of the workplace’s main goals.8 Therefore, safety training is well-
known throughout industry.

One study that documents the impact of safety training on an organization was conducted by
Komaki, Heinzmann, and Lawson.9 The goal of this training program was to reduce the mishap rate
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in the vehicle maintenance division of a city’s department of public works.

Raters conducted a series of 165 observations, each lasting for a total of 60 minutes, over a 45-
week period.

“Safe” (e.g., wearing goggles) and “unsafe” (e.g., no goggles) behaviors were targeted.

A multiple-baseline design was employed using five experimental conditions: baseline, training
only, training with feedback 1, training only 2, and training with feedback 2.

The results indicate that training with feedback is the most effective at reducing accidents, though
training by itself also helps to reduce unsafe behavior. The power of feedback is consistent with the
definition of safety climate proposed by Zohar.10 To review, safety climate relies on employee
perceptions of how management prioritizes safety. Feedback from supervisors may provide salient
examples to create a safety climate. Nevertheless, safety-related behaviors appear to be both
trainable and beneficial to an organization.

Currently, a popular training method is on-the-job training (OJT), otherwise known as the “buddy”
system.8 However, anecdotal evidence indicates that the structure of such training in the hanger is
mostly informal and depends heavily on the skills of the more experienced team member. In fact,
most OJT programs in general are not planned and, as a result, do not work well.5 In this sense, OJT
has proven to be inadequate for teaching skills related to maintenance resource management.

3.3.3 Safety Training Evaluation

Because the focus of MRM training is on safety-related behavior, results-level measures can be
difficult to obtain. Specifically, results-level measures of safety are best reflected by the number of
mishaps occurring during maintenance activities. The success of MRM could then be measured in
terms of the reduction of those mishaps. The general rarity of such phenomenon makes gathering
enough data to perform significantly powerful statistical tests a lengthy process.11 However, such
data are typically collected in compliance with Occupational Safety and Health Administration
(OSHA) regulations as well as for companies’ own safety departments. Therefore, mishap data
typically do exist. However, one should allow for enough time to collect an adequate amount of data
in order to make generalizations about the effect of training on worker mishaps.

Nevertheless, other evaluation criteria exist that can be used to assess an MRM program. An
alternative evaluation measure of safety-training involves the critical-incident method. The critical-
incidents method involves the description of either observed unsafe acts or near-miss accidents that
occur without observable or formally recorded consequences. This method of accident analysis is
described in detail by Feggetter.12 By looking at a system's potential for accidents, this method has
two advantages over accident analysis. The first is that analyzing critical incidents allows an
accident investigator to root out causal antecedents without further damage to the system. Secondly,
because such incidents are more numerous than accidents (or reported accidents), it provides a rich
source of data that accident reports may not have.11

Because of the greater proportion of critical incidents relative to actual accidents, statistical analysis
has greater power and is able to be performed with greater precision. The critical-incidents method
of accident investigation itself makes use of a variety of data collection techniques (e.g.,
questionnaires, interviews, behavioral observation), each with their advantages and disadvantages.
(For a more complete review of this subject, see Feggetter.11) However, the critical-incidents
method remains a vital tool both during the initial need analysis as well as in evaluating any
behavioral changes after a training intervention has been implemented.
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Behavioral-level criteria remain an attractive alternative to results-level measures. Though they
often rely on the skill of those making the observations, large amounts of data can be collected over
relatively (compared to results-level measures) short periods of time. In addition, tools such as
behavioral observation scales can be utilized to create more systematic data.13

The preceding discussion presents some common evaluation methods. However, many other types
exist. Among them are attitudinal, reaction, and learning measures. Behavioral criteria include job
sampling measures and behavioral observations. The extent to which evaluation criteria are
sufficiently relevant to both training program goals and training program contents determines their
validity.14 Due to the difficulties in making results-oriented evaluations, behavioral-level measures
are emphasized and presented in the context of each specific plan. Nonetheless, we still advocate the
use of performance-level evaluation criteria, in addition to behavioral measures, to assess the
effectiveness of MRM I11.

This chapter of the Phase Report serves primarily as a guide to help MRM trainers who may be
shifting the development of their program from the needs assessment phase to that of training
development. This chapter will serve as a primer that will ease the transition from determining what
needs to be trained to how the training should be implemented. It will highlight the advantages and
disadvantages of a series of training delivery systems and allow the trainer to choose the most
appropriate plan for their particular situation.

3.4 TEAM COORDINATION AND SAFETY

Teams have become increasingly important to organizations in recent years. Because of such things
as decentralization, employee empowerment, and the rising complexity of work, the role of teams
and their component members has increased in number and the power they wield in
organizations.15 Yet, despite the increased visibility of teams in organizations, they remain difficult
to define for most people. Some teams are temporary, such as a company softball team or a product-
oriented team created solely for the purpose of achieving a single, short-term goal, while other teams
are longer-lived and require a greater level of commitment from its members. Regardless of the
nature of the team, every team is unique, each made up of its own set of components, experiences,
and variables.16 However, some commonalties do exist, or are assumed to exist among teams.

What is the nature of these commonalties? First, teams are defined as groups that consist of
members who seek to complete a common goal, but contribute an individual set of knowledge, skills,
and abilities that enable the team to advance through each of the subtasks that make up the common
goal. However different these subtasks are, their integration leads to the completion of the final
goal.17

Second, a review of the existing team literature by Cannon-Bowers, Tannenbaum, Salas, and VVolpe
has identified a core set of skill dimensions or behaviors common to most investigations.18 Among
these skill dimensions are coordination, communication, adaptability, shared situational awareness,
leadership, performance monitoring, and interpersonal relations. These skills, at varying levels, are
required to integrate a complex goal’s subtasks. Finally, in order to perform these behaviors in a
team context, interdependence must exist between team members, adding yet another team-related
constraint when examining the aforementioned behaviors.17.19

Hoffman and Stetzer performed a cross-level analysis of organizational and individual-level factors
as antecedents of an accident.20 Using 222 individuals in 21 teams, group-level factors, such as
communication and coordination, intention to approach others regarding unsafe behavior, and safety
culture, using 21 teams and 222 individuals, were measured in an industrial setting. In addition, an
individual-level variable, perceptions of role overload, was also measured. Results support Hoffman
and Stetzer’s hypothesis that both individual and group-level variables would be significantly
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associated with unsafe behavior, as measured through both self-assessments and the company’s own
accident database.

Despite Hoffman and Stetzer’s success in demonstrating cross-level antecedents of mishaps, the
environmental complexity that most teams were created to address tends to hamper efforts to derive
generalized principles about teams.20 Therefore, closer examination and subsequent manipulation
of any team must take into consideration that team’s natural environment.19

Finally, team skill dimensions exist independently from what is known as “taskwork” skills, i.e.,
team skills are often times functionally different from the technical skills required to complete a
task. Those who participate in team activities are often taught and are competent in the technical
aspects of their work, but are often not trained to work as a team. In this case, the entire team’s
effectiveness is lost. AMTSs are not an exception to this phenomenon. MRM seeks to address this
discrepancy.

3.5 TEAM COORDINATION IN A MAINTENANCE ENVIRONMENT

Fuller et al., also proposed specific strategies for improving safety in ground handling operations.21
They contend that the “adaptability” of maintenance crewpersons must be trained to compensate for
failures in a system. This assertion was again developed through the analysis of accident data. In
their study of 580 accidents, Fuller et al., found that the majority of accidents were due to either
behavioral (performance) failures, in which standard procedures were followed, but not done well, or
because of a failure to follow proper procedure from the start. The authors conclude with a
suggestion that training and safety programs should and could be more sophisticated than merely
outcome-based incentive programs. They encourage a strategy that changes people's attitudes and
establishes a sense of ownership of the trained behaviors.

Along with coordination and decision-making, another behavior identified as being necessary for a
safe, “team-oriented” maintenance environment is assertive behavior.22 Not to be confused with
aggressive behavior, Stelly and Taylor define assertive behavior by using a series of “rights” to
which a team member is entitled. Some of these rights include the right to say “no,” the right to
express feelings and ideas, and the right to ask for information. It has been shown that teams in
cooperation openly discuss opposing views, critical for making cooperative situations productive.23
Thus, assertiveness is a necessary skill for effective team behavior.

These and other ideas, all of which promote a team-orientation, make up the bulk of a training
program Taylor and Roberston developed for Continental Airlines’ technical operations.24 The
airline named this program “Crew Coordination Concepts” (CCC). Evaluation of this program, with
pre-test, post-test and follow-up measures, showed an increase in communication, “willingness to
voice disagreement,” “goal attainment with own and other groups,” and other scales developed to
reflect the targeted behaviors as well as attitudes regarding those same behaviors.

Performance measurement also indicate a significant drop in injuries, damages, and repair costs due
to maintenance-caused ground damage. Finally, this airline company’s program possesses high face
validity and is widely accepted by technical operations. In short, these researchers demonstrated the
validity of creating a team-orientation among groundcrew personnel by targeting the behaviors that
specifically improve communication skills, such as assertive behavior.24

The benefits of planning before a task is undertaken are also emphasized in accident prevention.25
Planning is defined as evaluating a task at all levels and ensuring that the proper resources (e.g., the
correct tools, adequate space, and clear and complete policies regarding the task) are allocated in
order to complete the task safely and efficiently. Too often, a task is undertaken without making
available the proper resources.
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Planning and the ability to carry out a plan in a team context also depend on the ability of the team
members to communicate with one another.18 Ferry defines communication as the transfer of
information, verbal, written or otherwise.26 He goes on to state that communication deficiencies lie
at the heart of many mishaps simply because of their role in disrupting plans. Consequently, it is
safe to assume that the roles communication and coordination play in a safety-oriented, team context
are highly important.

3.6 SUMMARY AND INDUSTRY EXPERIENCES

From the literature cited above, evidence has been found to support two assumptions:

Assumption One: Team behavior is necessary in a complex environment, where safety and
reducing maintenance-related errors are the prime goals. The aviation maintenance operations
environment is one such place.

Assumption Two: Specific behaviors are required for crew members to perform as a team.
Among these behaviors are communication, assertiveness, planning, situation awareness, problem
solving, and good decision making skills.

Displaying these and other team-oriented behaviors is necessary for coordination to occur among the
many individuals who compose a typical maintenance crew. The remaining portion of the present
needs analysis is designed to provide further support for these assumptions. By doing so, the
specific team behaviors that can reduce maintenance error are identified and targeted for future
MRM training.

3.7 CREW RESOURCE MANAGEMENT AND LINE-ORIENTED FLIGHT
TRAINING

One of the most heavily and widely studied teams is air and cockpit crews.27 Previous research has
demonstrated that aircrew accidents could be traced to human error on the part of the aircrew.28
Furthermore, it was determined that although each crew member possessed the necessary knowledge
and skills for completing his or her job individually, the members of the crew lacked the
coordination that characterizes team interdependence. These results became the basis for a
systematic training program that identifies behaviors and teaches coordination among aircrew
members. This intervention is commonly known as crew resource management (CRM).

CRM researchers identified basic skills necessary for coordination among aircrew members to
occur. Among these behaviors are communication, situational awareness, decision-making,
leadership, adaptation/flexibility, and assertiveness.29 Overall, studies of CRM-type programs
demonstrate that training these specific behaviors has a positive effect on performance and
performance-related attitudes.30

Because CRM has been identified as a skill set necessary for the safe operation of aircraft, the
Federal Aviation Administration (FAA) has outlined CRM training for all multi-crew pilots.31 This
training, as defined by the FAA, encompasses awareness training, practice, and continuous
reinforcement. This is also the structure around which MRM was designed and implemented.

A review of the literature show a great deal of transfer of CRM-related behaviors and skills to MRM.
Cannon-Bowers et al., conducted an extensive review of both theoretical and applied literature and
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summarized the behavioral skill dimensions that they found were common to almost all teams.18
Though they vary in skill labels used in each study, Cannon-Bowers et al., generated eight core skills
common to almost all studies.18 These are listed below:

adaptability

shared situational awareness
performance monitoring and feedback
leadership/team management
interpersonal skills

coordination skills

communication skills

© N o a > w DN PP

decision making skills

Both CRM and MRM are no exception to the list presented above. The following table is the result
of additional reviews by these authors. Table 3.2 presents a series of behavioral skills common to
both CRM and MRM training. Initial research into CRM first identified these specific
skills.27,29.30.31.32,34 Follow-up research in the maintenance environment tested the validity, in
terms of acceptance and effectiveness, of those skills for MRM.22,24.33.35.36

Table 3.2. Behavioral Team Skills Identified in CRM and MRM

Behavioral Team Skills

Communication & Decision Making
briefings

assertiveness
conflict resolution

communication

Team Building & Maintenance
leadership

team climate

interpersonal climate

Workload Management & (Team) Situational Awareness
preparation

planning
vigilance

workload management
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To conclude, it must be noted that although team-related behavior and coordination remain the focus
of both CRM and MRM, both programs encompass much more. Also included, though dependent
on the syllabi of each specific program, are introduction to basic human factors concepts, training in
human error recognition, and worker stress recognition and reduction among other things.

Line-Oriented Flight Training (LOFT) was a natural outgrowth of CRM research and training.
LOFT is an application of CRM principles in a realistic, yet controlled cockpit environment.
However, whereas previous simulator training focused primarily on individual, technical skills,
LOFT scenarios are designed to include situations which require coordinated, team actions.30
Taggart makes the analogy of a building; CRM is the foundation upon which the structure, namely
LOFT, is built.32

In LOFT, trainees are placed in a simulated, though highly realistic environment, and are asked to
react to a variety of pre-planned scenarios. Entire missions are run while mission variables, such as
weather, “mechanical difficulties,” etc., are systematically changed. This is done to facilitate the
transfer of CRM concepts to the cockpit without placing trainees in a dangerous situation.30 In
addition, LOFT also enables trainers to gauge the levels of a crew’s technical knowledge as well as
the level of transfer of CRM principles to the cockpit. Finally, a vital component of LOFT is the
post-mission debrief, in which trainers evaluate and discuss trainees performances both individually
and as a group.

Because coordination skill dimensions (or variations of those dimensions) such as communication,
decision making, and pre-planning were found to be common to almost all investigations of team
assessments, those dimensions appear to relate to the performance of maintenance personnel.18
Thus, as CRM applies to aircrew personnel, so too could programs be created to develop these skills
for AMTs. This is the logic behind MRM 1, 11, and I11.

3.8 AMT TEAM TRAINING

Gramopadhye, Ivaturi, Blackmon, and Kraus created a framework that incorporates team training
into an aircraft maintenance environment.33 Based on previous task analysis of maintenance
activities which show a high need for coordination,35 Gramopadhye et al.,33 list a series of factors
relevant to teams. These factors were categorized in terms of organization, task, equipment, and the
knowledge, skills and abilities of individuals.

Following this initial task analysis, Gramopadhye et al., proposed and evaluated a training program
based on these factors.33 In this program, participants were taught either basic team training skills
or placed in a control group. Their task consisted of the removal and installation of an aircraft
engine, simulating a basic maintenance task. Pre- and post-test measures of performance and the
perceptions of both trainees and instructors were taken. The results support the hypothesis that team-
training 1) is possible in an aircraft maintenance environment, and 2) leads to increased

performance. Although applied to a single task, the authors discuss how their results may be applied
in a more general sense, emphasizing *“coordination, communication, interpersonal, and leadership
skills.”33

Taylor and Robertson published a report that summarized three years of team-related training for
maintenance personnel.24 Taylor and Robertson compared this training to crew resource
management for maintenance personnel. Once again, CRM training encompassed many team-
related concepts such as communication, situation awareness, assertiveness, teamwork, stress
management, and leadership, among other things. As mentioned previously, CRM in aviation
remains well-documented in the literature, but the focus has been primarily on cockpit training and
aircrews. Although CRM programs have been in use for over a decade, its application for
maintenance crews has been limited at best.34 This is unfortunate since many of the concepts
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addressed by CRM are crucial for a safe and productive maintenance environment. It is in this
context that Taylor and Robertson introduced their training.24

An interdisciplinary design team assembled by a major airline identified what the training and
learning objectives of the new MRM course were to encompass.24 These goals were to:

diagnose organizational norms regarding safety.
promote assertive behavior.

promote understanding of individual leadership styles.
teach stress management.

enhance decision-making skills.

I T o

enhance interpersonal skills.

To achieve these goals, a CRM program in use for training cockpit crews was adapted for use by
maintenance personnel. This included attitudinal measures regarding the above behaviors as well as
the program itself. The training method chosen by Taylor and Robertson was the lecture format.
The instructional team consisted of lead and assistant supervisors in technical operations, trainers,
human factors specialists and academic researchers.

The results of a multiple time-sampled design show considerable and significant improvement in the
use of the five targeted behaviors as well as in those attitudes regarding their use. They also
demonstrated stability 12 months after participation in the training program. Taylor and Robertson
also show a strong relationship between performance and its related attitudes for each of the follow-
up surveys.24 Performance was operationalized in terms of aircrafts’ ground damage, lost time
injury data, on time departures, delays from planned yet late maintenance, and the amount of
overtime charged per week. The changes in attitudes demonstrated in these studies predicted
improvement in performance and demonstrated a positive transfer from training to the job. This
study laid the groundwork for future team-training programs and became the foundation upon which
the resultant MRM initiative was built.

3.9 MAINTENANCE RESOURCE MANAGEMENT

Using a model derived from Reason, Wenner and Drury analyzed reports of preventable accidents
among maintenance personnel.3,37 They discovered that a significant number of incidents were the
result of poor communication, mostly between crews. The importance of teamwork has also been
discussed by others.38.39 Wenner and Drury traced more incidents back to the lack of awareness of
risks and hazards.37 In addition, they found that equipment inappropriately chosen to complete a
task accounted for the greatest number of incidents.

These conclusions suggest that most crew members are knowledgeable about their tasks.
Unfortunately, they operate under a large number of rules and procedures, and it may be difficult to
be aware of all of them.37 Furthermore, these crew members are accountable to an airline's “on-
time” policies. The large number of operating procedures coupled with the omnipresent scheduling
pressure requires a certain flexibility in decision-making on the part of maintenance personnel.22
However, the extent to which most crew members, during initial training, are made formally aware
of external pressures, such as scheduling pressure and other factors that may lead to error, is
minimal. Wenner and Drury also contend that many unsafe procedures become routine when placed
in this context and are even “taught” in lieu of proper procedures.37
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To counter these failures, Wenner and Drury suggest changes in not only policy and procedure, but
also in the introduction of interventions that go beyond the technique of “reprimand, motivate, and
train.”37 Instead, Wenner and Drury suggest that safety interventions must take into account factors
typically not identified for change, and teach personnel to identify these factors themselves. These
“hidden” factors, or latent errors, may be organization-level, such as insufficient shift rotation
between crews, or workgroup-level, such as the perpetuation of a climate in which the productivity
of the group takes precedence over its safety. The ability to identify the factors that lead to unsafe
behavior becomes the impetus for changing them. MRM is the mechanism that enables airlines to
make just such a change.

3.10 MRM | & Il

MRM | and MRM |1 are the initial stages of AMT training in human factors. MRM | focuses
primarily on teaching basic awareness of MRM-related skills. MRM II builds on this basic
knowledge and introduces skill development in Team Situation Awareness.40 MRM 11 utilizes
group exercises and participation to a much greater extent than MRM I. Knirk and Guftafson
outlined the characteristics of specific training methods whose goals are to teach job skills, but
whose focus is primarily on the cognitive level (i.e., thoughts, ideas, and attitudes).41 These training
methods are presented in Table 3.3.

Table 3.3. Categories of Learning

Objective Examples of Examples of Small |Examples of Large

Categories Individual Group Training Group Training
Instruction

Cognitive (lower- textbooks, workbooks, study groups, case lectures, video tape,

order learning) audio tapes, programmed | studies 16 mm film
materials

Psychomotor laboratory-directed simulator/scenarios demonstrations

(physical skills practice

learning)

Affective and research fieldwork discussion, simulation, on-site experiences

cognitive (higher- gaming & scenarios,

order learning) feedback training

The model presented in Table 3.3 classifies learning into three categories: lower-order (cognitive)
learning, psychomotor (physical) learning, and higher-order (affective and cognitive) learning.
Because the goal of MRM 1 is that of “awareness” of human factors principles, it is characterized by
lower-order learning.

Instructional techniques vary in their effectiveness; their effectiveness is also contingent upon the
goals and constraints identified by the needs analysis. However, when asked to rate the effectiveness
of different training methods, training directors rated “programmed instruction” and the “case study”
methods as the most effective, respectively, in knowledge acquisition and lecture (with questions) as
the least effective of nine identified training methods.42

However, of the instructional techniques identified, the lecture method is the most widely used.5 It
is the most cost-effective training method. Despite criticisms about the passive role trainees play
during a lecture, studies comparing the lecture method to the more sophisticated programmed
instruction and teleconferencing methods show no differences in student achievement. There is,
however, evidence of faster learning. This lack of differentiation among these training methods is
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especially true where the basic instructional task is the dissemination of information.7 Based on
these criteria (low cost, lower-order learning), a lecture-based intervention was chosen over other
training methods for MRM 1.

The lecture method can be further augmented when used in conjunction with other methods. One
such method that is easily incorporated into a classroom atmosphere is the case study method.7 The
case study method is a paper simulation of certain organizational conditions. 5 In the classic case
study method, a trainee is given a written report of an organization problem. The trainee then
analyzes the problem and prepares a number of solutions. This portion of the case study is
completed individually. Once the trainee has completed this section, he or she meets with a group
that discusses each person’s solutions. Critics of the case study method note its general lack of
guided instruction. However, when used as a part of a larger training program, these criticisms may
not hold true. For example, trainees participating in a case study simulation, preceded by a lecture,
may use the information gleaned from the lecture to help guide their analysis of the case study
material. In this case, the role of instructor feedback is critical to the effectiveness of the case study
method.

In this sense, the structure of the MRM 11 training program follows the classic case study design.
Briefly, the structure chosen for MRM 11 is lecture and adult inquiry learning with an examination of
mishap incidents. Analysis of these sample mishap incidents requires the application of skill and
knowledge dimensions taught during the lecture portion of the program. The chosen instructional
technique for MRM 11 is much more interactive than MRM I. MRM II exercises provide the
opportunity to practice MRM skills and knowledge in an active manner, while instructor feedback
reinforces their correct usage. Therefore, it is expected that awareness of team behaviors will
transfer to performance on the job.

It must be noted, however, that MRM 11 teaches more than just team coordination skills, although
those remain a large part of the course. Whereas the tasks of an aircrew may be well-defined and the
consequences of their actions immediate, the impact of maintenance personnel on public safety tends
to fall in the domain of latent errors. Therefore, it is imperative that maintenance personnel be
taught the processes that underlie the tendency to commit latent errors, even more than aircrew
should be taught. As a result, AMTs should be taught the process behind maintenance operations,
taking a systemic perspective, in addition to learning how to work as a team. This phenomenon has
been termed Team Situation Awareness.40

Team Situation Awareness is defined as the degree to which all members of a team possess the
situation awareness necessary to complete his or her responsibilities.40 The difficulty of
maintaining this level of awareness is compounded by the presence of multiple team members and
multiple teams. Examples include those personnel employed in different departments such as
“stores” and line maintenance. When one or more team members (or teams) do not maintain the
minimum level of situation awareness, information gaps occur. In this case, poor communication
results and the organizational “mission” is compromised.

In order to maintain Team Situation Awareness, MRM 11 also teaches maintenance personnel how to
view maintenance operations from a systemic perspective and to understand basic human factors
issues as they apply to their work.1 These topics are as important as teaching team coordination
skills for establishing a good safety culture within the organization.

3.11 MRM Il

What training format is suitable to enable trainees to implement actual MRM skills? ldeally, a full
simulation, one which incorporates many if not all of the intricacies of the aviation maintenance
environment, is the best format to learn interpersonal and teamwork skills.43 However, the costs of
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creating a high-fidelity simulated environment, as well as the lack of organizational support for such
a project, generally prohibit its construction. Despite these constraints, the purpose of this research
Is to create a plan that takes into account organizational limitations, yet is still capable of sufficiently
training MRM skills in a simulated maintenance environment. To this end, a plan is proposed that
focuses on these following MRM skills: task planning, coordination, teamwork, communication,
assertiveness, decision making, and situation awareness. This next phase in training MRM is
tentatively called MRM I11. In addition, an emphasis on the systemic perspective regarding the
AMT’s role in maintenance processes will remain a general theme throughout MRM 111.

3.11.1 Instructional Design Model

In designing the next phase of MRM training, we incorporated and built upon the results of those
previous needs analyses. Specifically, MRM I and Il were assessed and deficiencies in training
MRM behaviors were identified. In addition, deficiencies in training evaluation were also noted.

After integrating and using the development of CRM and LOFT as reference points, several goals
and objectives were identified. They are as follows:

1. Opportunities for additional skill practice and development must be created.
2. The integration of technical training with MRM skills is necessary.

3. The ability to assess directly the use of any overt MRM behaviors is required for evaluation.

These MRM training objectives served as the basis for designing an instructional strategy for MRM
Il.

3.11.2 Design

Several factors affect the design of a training program and what is ultimately chosen. Among these
factors are the content of the training (i.e., “what” is being learned), the target training population
(“who” is being taught), and the trainers themselves (“who” is teaching).7 For MRM 11, the content
and the targets are pre-determined by MRM 11, while the trainers remain each organization’s
prerogative. Therefore, the development of MRM I1l must rely on other factors. Among these
factors is an organization’s ability to create maintenance simulations economically. These same
programs, however, must still provide trainees with the opportunity to practice and integrate MRM
skills outside of the classroom environment. The next section discusses three specific training
strategies that take these factors into consideration.

3.11.3 Simulation Fidelity

Simulations range in their degrees of fidelity i.e., how close to the real situation they seem to be.
However, there are two types fidelity that exist in training simulations. These are physical fidelity
and psychological fidelity.5 Physical fidelity refers to the degree that real-world operational
equipment is reproduced. This is the type fidelity that comes to mind when most people think about
simulators and simulations. Examples of these include aircraft simulators for pilots. Psychological
fidelity, on the other hand, refers to the degree to which training tasks reproduce actual behaviors or
behavioral processes that will be used on the job.

Physical fidelity also varies from simulation to simulation. Pilots are trained in full machine
simulators, replete with motion, that immerse the trainee in an environment that is very close to their
actual workplace. On the other hand, many simulations exist that do not, on the surface, resemble
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the workplace environment at all. Simulations such as business games are examples of simulations
with low physical fidelity. Briefly, business games are simulated environments in which participants
compete based on the rules and objectives of the business setting chosen. In the course of the game,
participants learn and apply information on the operation of the simulated business.5 Other
variations of business games include “in-basket exercises,” (though typically used for employee
selection and assessment) and role-playing exercises.6

It is important to note, however, that even simulations with low physical fidelity maintain
psychological fidelity by emphasizing the use of a behavioral skill, independent of its setting as long
as the proper stimuli exist to elicit the desired responses. Caro presented a comparison between low
and high fidelity cockpit simulators.44 He found that precisely designed mockups which simulated
the necessary cues and response opportunities of specific aircraft did not differ significantly from
those trained in high fidelity simulators in the number of errors made when evaluated. It can be
argued that a low physical fidelity, but precisely designed MRM simulation could achieve similar
results.

Finally, a simulation may possess psychological fidelity without maintaining physical fidelity, but it
may not have physical fidelity without maintaining psychological fidelity. Psychological fidelity,
after all, is the primary goal of all simulations. For example, training a set of behavioral skills, even
in a highly realistic environment, which would never be used would result in ineffective training.
Therefore, maintaining psychological fidelity is also the primary goal of MRM II1.

Table 3.4 shows the instructional strategies that follow, relative to their physical fidelity. As you
review each proposed design in full, note that psychological fidelity, using and developing MRM
skills, is maintained for all three types.

Table 3.4. The Physical Fidelity of Proposed Instructional Designs

Physical Fidelity Proposed Instructional Design
High Full Maintenance Simulations
Medium Intelligent Tutoring Systems
Low ToM-Based “MRM Teams”

3.11.4 Full Maintenance Simulations

One approach, and seemingly the most apparent, involves the recreation of the maintenance
environment in a controlled setting of high physical fidelity. High fidelity simulations or “mockups”
have proven to be effective in training not just task skills, but team skills as well.7 A training
environment such as this would be directed by the MRM trainer/observer. This trainer is comparable
to the check-airman who evaluates performance in LOFT scenarios. Check-airman possess great
technical proficiency and are specially trained in CRM principles and philosophy.43 MRM Il1
facilitators would be similarly equipped.

Specific maintenance tasks could be selected for use in MRM I11. The validity of such maintenance
simulations was demonstrated by Gramopadhye, et al.33 The task chosen for their study was the
removal and installation of an aircraft engine. This task was analyzed and divided into specific
component behaviors. In addition to evaluating teamwork skills, each task behaviors were evaluated
for an assessment of technical proficiency. In these ways, this study is quite similar to LOFT. A
variety of maintenance scenarios can be developed, simulated, and evaluated in a hanger
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environment, creating a training system comparable to LOFT. MRM IlI facilitators can vary
situations by introducing common AMT challenges, such as lack of adequate parts or manpower.

3.11.4.1 Evaluation of Mockups

Evaluation of mockups occurs in much the same way as with LOFT. Facilitators would rate trainees
according to their proficiency in using MRM skills on the job. Behavioral observation would
provide the mechanism for evaluation in this context. Peer review can also be included as a second
evaluation measure.33 Finally, videotaping these simulated maintenance tasks would provide more
data for evaluation and feedback than naturalistic observation alone.43

3.11.4.2 Benefits of Mockups

The benefits of choosing such a task or another actual maintenance task in which to practice MRM
skills is obvious. Using established maintenance tasks would have high fidelity and possess great
saliency for an AMT. Use of such tasks would increase the probability of MRM being “bought into”
and ease the transfer of MRM skills into the workplace. Indeed, after initial resistance, LOFT is
widely accepted by most pilots.32

3.11.4.3 Issues to Consider

There are other issues to consider in instituting full maintenance simulations. First, by using specific
maintenance tasks, the general ability of learned MRM skills may be limited in those scenarios not
simulated. In other words, from avionics to airframe to powerplant maintenance, maintenance tasks
contain a great deal of variability in the resources, tools, and context in which work is being
performed. Given that there are a finite number of training hours and resources available,
maintenance simulations must be equally limited. On the other hand, LOFET simulations, though
varied, all occur in the same context -- that of the cockpit. As is the case, LOFT is continually
challenged on a technological level by the wide variety of aircraft flown by today’s pilots. These
concerns may be unfounded, however, due to the generic teamwork quality of many of the MRM
skills (coordination, communication, assertiveness, etc.) being taught. Because several of these
skills are common to most teams regardless of context, transfer of MRM principles may occur
despite the specificity of the training tasks.18

Another issue involving the implementation of full maintenance simulations involves the cost of
such endeavors. Ideally, full maintenance scenarios would replicate a hanger and include all relevant
materials and tools to maintain the highest degree of physical fidelity. Large organizations, such as
aircraft manufacturers, that possess a surplus of both may be adequately equipped to handle such a
situation. Indeed, Boeing has had such an operation in use for many years. The costs of simulating a
maintenance task, however, may prove prohibitive to smaller organizations.

Added to the cost of instituting a high fidelity mockup is the cost of maintaining it. Should an
aircraft change configurations or designs, the mockup would have to be similarly changed. This
would require extra resources that smaller organizations may not have.

Finally, one must also recognize the role that training takes in the socialization of organizational
newcomers. Gramopadhye, et al., found that control teams who did not receive formal team training
still improved in coordination and performance, suggesting an intuitive use of team skills and
influence from the organization.33 Nevertheless, though these skills may reflect teamwork in the
most fundamental sense, they may also result in the perpetuation of “bad habits,” such as failure to
follow standard operating procedure.45 Using highly-realistic maintenance simulations within an
established work environment may help perpetuate these work habits, unless they are closely
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monitored by a capable MRM I1I facilitator. In other words, poorly-trained or haphazardly-chosen
trainers may actually socialize negative work norms into new employees, in much the same way as
been documented during on-the-job training.46 As Byrnes and Black stated clearly:

Ironically but understandably, check airmen taken as a group can be the most resistant to the personal change
suggested by a comprehensive CRM training program. They are the ‘top of the food chain’ of the pilot group
and as such tend to believe that the skills which brought recognizable success are adequate. As ‘captain’s
captains’ suggestions for change can be interpreted as criticism of past performance. Therefore, since CRM is
all about changing attitudes, one must first clear this hurdle of defensiveness...47

Because of the “defensiveness” described above, a poorly trained MRM facilitator may actually
reinforce a newcomer’s skills, based on their own experiences, that are contrary to the philosophy of
MRM. Therefore, because the quality derived from using fully-simulated maintenance tasks as the
vehicle for MRM Il1 relies entirely on the skill of the facilitator, proper selection and training of
these personnel are paramount.

The importance of check-airmen and their impact on the resulting quality of LOFT simulations are
well-documented.43 Butler observed great variation among check-airmen and a corresponding
variation in students’ ability to grasp and integrate CRM concepts as well. The combination of a
poorly trained facilitator with the “common sense” quality of many MRM skills may undermine the
goals of MRM as a whole. Yet, MRM facilitator issues are not limited solely to full-maintenance
simulations. As will be seen, the quality of the MRM facilitator affects the effectiveness of each of
the proposed MRM Il1 plans. However, facilitator errors are more salient in the context of full
maintenance simulations than in others.

3.4.11.4 The Use of Mockups

In what context would full maintenance scenarios be best? Apart from large, well-established
organizations and airline companies, Gramopadhye, et al., suggest that airframe and powerplant
(A&P) schools would provide the ideal context for such training.33 This training easily could be
incorporated into school curricula. Because of the access to resources afforded most A&P schools,
costs would not generally be prohibitive. The difficulty lies in training MRM-type skills within a
particular learning window, specifically after a student gains technical proficiency but before work
habits are established. This can be circumvented by the continuous training of MRM-type skills
throughout an AMT’s tenure. However, given that many work habits or “norms” are passed from
senior, established workers to less-experienced workers, the socialization of habits opposed to MRM
principles presents a challenge to designing an “on-going” MRM course. Companies should consider
these pros and cons, it is up to each particular organization to assess how full maintenance
simulations could be incorporated into their own training structure.

3.11.5 Intelligent Tutoring Systems

A second approach for constructing a training program and its delivery systems focuses on the
cognitive processes through which individuals transfer learned skills into the workplace. These
cognitive processes differ among experts and non-experts.48 Experts, for example, possess an
extensive storehouse of knowledge and use that knowledge in unique ways based on previous
experience. This ability to integrate knowledge and experience facilitates good decision making.
Novices, on the other hand, possess a rudimentary knowledge of a system, and their understanding is
less integrated than that of an expert. Clancy and Soloway present this as a model for computer-
based training or, specifically, intelligent-tutoring systems (I1TS).49

ITS not only contain a storehouse of specialized knowledge, they incorporate expert programs that
approximate the decision making capabilities of human experts. In addition, ITS provide a tutoring
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model for students to guide them through these processes. Finally, ITS also possess full multi-media
capabilities to demonstrate a variety of concepts through interactive audio and video, thereby giving
any simulations presented in ITS added fidelity. For a more comprehensive discussion of ITS, see
Norton.50

3.11.5.1 Evaluation of ITS

As with full maintenance scenarios, LOFT provides the template against which to structure ITS
evaluation. Using behavioral observation, facilitators would rate MRM performance and provide
feedback upon conclusion of each scenario. Furthermore, the ITS could maintain a database (using
such criteria as “mistakes made,” and time to elapsed between decisions, for example) of each
group’s progression over the course of time.

3.11.5.2 Benefits of ITS

All of the qualities of ITS make it an attractive alternative to full maintenance simulations for
delivering MRM I11. Although not as “realistic,” i.e., possessing great physical fidelity, ITSisa
satisfactory compromise between the benefits and criticisms of full maintenance scenarios. For
example, ITS is much more cost effective, requiring only the purchase of computer hardware and the
creation of relevant software. In fact, recent changes in EAA EAR Part 147 allows for the use of
computer-based training for aviation maintenance.

ITS also avoids one of the downsides of full maintenance simulations by allowing for quick and
relatively inexpensive maintenance and upgrading. A change in aircraft design would require only a
change in software to maintain current. Costs, in this case, would be kept much lower than having to
upgrade various types of hardware and/or the simulated mockup itself.

In addition to its low cost relative to creating full maintenance simulations, ITS is not location
specific and can be instituted in a variety of locations. Finally, though the MRM Il1 facilitator
remains a vital component of training, the reliance upon the facilitator would be moderated by the
ITS. In this way, the third criticism of full maintenance simulations is also addressed.

ITS training is already in use in aviation maintenance. One such example is the Environmental
Control Systems (ECS) tutor. This program allows students to troubleshoot malfunctions of the air
conditioning portion of the ECS through an interactive simulation of an aircraft’s environmental
control system. The student can ask for advice from the program at any time. Additionally, the
system can detect if the student is encountering problems and may assist in helping to overcome
them.

Though individually-based, such a framework can be modified to include other team members, and
more complex maintenance scenarios. Maintenance variables, such as available resources, weather,
etc., can also be easily manipulated. Similar to popular strategy-based computer games such as
SimCity, such an ITS could prove to be extremely engaging as well.

3.11.5.3 Issues to Consider

Could ITS address an organization’s propensity towards latent errors? The short answer is yes, but
only if the ITS were designed to specifically tackle those issues. One possible strategy for
addressing latent errors could be to introduce interactive, in-depth case study analyses of aircraft
accidents via ITS. These analyses could be structured in two ways: the traditional, post hoc accident
analysis or as a situational decision tree, in which the “actions” chosen by the trainees determine the
next set of circumstances. Both strategies, used in conjunction with one another, could adequately
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convey a systems perspective of the maintenance process, thus training concepts that reinforce a
culture of safety.

3.11.6 The Role of TQM in MRM

Though the heyday of quality circles seems to have past, many of the concepts taught and advocated
in MRM training are similar to the principles of W. Edwards Deming’s Total Quality Management
(TQM) and quality circles, specifically. In fact, many of the initial MRM principles were derived
from TQM.51 Therefore, a review of quality circles is included in this report and is suggested as
another possible strategy to include within the proposed MRM |11 training program.

In short, a quality circle (QC) is a group of between 5 to 15 employees who meet on a regular basis
to discuss issues of quality and other related problems.52 QCs address issues as varied as improving
creativity to marketing to safety. The purpose of the typical QC is to create realistic and relevant
solutions to workplace problems and suggest them to higher management. Though the term “quality
circles” is the most widely used, organizations have been known to use other labels, such as “tiger
teams” or “continuous improvement” teams.53 Each of these groups are formed to address specific
issues, but they similar to QCs in structure and goals.

Adequate training, especially those focusing on problem-solving skills, is the foundation for the
QC.51 Several researchers single out failure to train team participants adequately on interpersonal
fundamentals, which are taught in MRM I and I, as the major cause for QC failure. In addition,
management commitment is also necessary to ensure QC success. Management must enact the
solutions suggested by the QC, lest members feel ineffectual.

The purpose of raising the issue of QCs is not to advocate their introduction into current
organizations. That is beyond the scope of this report. However, a variegate of QCs can be
incorporated into MRM I11, and provide trainees with an opportunity to practice MRM skills as well
as to apply them in a relevant, work-related context. (For lack of a more precise terminology, these
modified QCs will herein be referred to as “MRM teams.”) As an example, during MRM 111
training, students can be placed in teams comparable to existing workgroups. Afterwards, each team
would be presented with a human factors-related safety problem and asked to generate solutions.
These problems may be hypothetical or derived from the organization itself.

The methodology for creating these proposed MRM teams are most similar to implementing
“continuous improvement” (CI) teams.53 CI teams address specific problems identified in an
organization, though they are typically not formed in response to them. Because of this specificity,
Cl teams maintain a narrow focus, with the goals of the team limited only to solving a constrained
set of problems. MRM teams would differ from CI teams in that they would be formed in
conjunction with initial MRM training. Therefore, the difficulties facing most QC or CI teams (a
previous lack of interpersonal skills training, the failure to demonstrate managerial commitment,
minimal training in problem-solving, etc.) is negated by MRM 1| and 11.52

3.11.6.1 Evaluation of MRM Teams

Evaluation of performance in MRM teams would once again fall on the MRM facilitator. The MRM
facilitator would observe each problem-solving session and provide feedback to each group after a
designated amount of time. Feedback would encompass observations related to MRM skills such as
communication, assertiveness, decision making, and leadership. Although it is suggested that LOFT
check-airmen remove themselves from group interactions until feedback is to be given, the danger of
this strategy is the “gripe” session. Facilitators must be aware of these tendencies and address them
before and during training.

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/In...  2/1/2005



NextPage LivePublish Page 19 of 22

3.11.6.2 Benefits of MRM Teams

There are several benefits to employing MRM teams in MRM 11 training. First, they allow a chance
for AMTs to use MRM skills in an applied way and practice their skills. Although this benefit of
MRM teams is similar to that of maintenance simulations, the difference lies in which MRM skills
are emphasized. MRM teams would encourage AMTSs to practice problem solving skills that tap the
global, systemic perspective taught in MRM I and Il. This could be analogous to “organizational
situation awareness.” The resulting interaction among team members would allow for team skills to
be practiced as well.

Secondly, as is the case with ITS, MRM teams are transportable from location to location. They are
easily instituted in a classroom environment. In this way, MRM teams are extremely cost-effective.

Finally, there is an added side benefit to incorporating MRM teams in MRM Il1 training. Using
MRM teams may provide an organization with solutions to real problems that plague them. These
solutions would be created as a minimal cost to the organization, and may even help recoup costs of
the initial training if a solution proves successful. In addition, if management were to institute
changes based on the real suggestions generated in these sessions, it would demonstrate managerial
commitment both to MRM training and to employees in general.

3.12 SUMMARY

Currently, MRM is still in the classroom stage and is being piloted in a host organization. Initial
reaction to this pilot program has been positive. In response to industry interest in furthering MRM
training, the purpose of this report was to chart possible future directions for MRM. Using LOFET as
a model, the researchers propose a more immersive approach that builds upon previous MRM
training. This proposed course has been named MRM 1.

Three possible strategies have been outlined for use in MRM I11: full maintenance simulations,
intelligent tutoring systems, and modified “quality circles.” Each strategy has its benefits and
drawbacks, just a few of which have been outlined above. There are cautions against using one
strategy in favor of another. Because of the different advantages and disadvantages to each strategy,
an ideal MRM 111 program would incorporate all three. However, logistically speaking, this is
unlikely at best. Therefore, it is up to individuals in each organization to assess their resources and
determine whether they can support a program such as MRM Il or, based upon needs analysis, if
MRM is even necessary at all. However, considering the need for airlines to find new ways of doing
business, the future of MRM remains bright indeed.
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CHAPTER 4
SAFE MAINTENANCE IN AVIATION
RESOURCE AND TRAINING CENTER

Terrell N. Chandler, Ph.D.
Galaxy Scientific Corporation
Advanced Information Technology Division

4.1 INTRODUCTION

With the constant pressure of down-sizing, corporations and the government find themselves in
positions of having to train their personnel to perform broader ranges of tasks. Airlines, repair
stations, and EAA Flight Standards also face these pressures. Personnel are expected to be more
skilled in more areas while fewer dollars are available to meet these training needs. Distance
Education is enjoying a revitalization of interest among corporate and government leaders because
they recognize the potential benefits as low-cost solutions to their training needs. Distance education
is an instructional approach where people engage in educational activities without having to be at the
site where the instruction is occurring. Instruction, resources, and students can be distributed across
many different locations, and are usually connected together by technologies, such as computer
networks, satellite dishes, and telephone lines.

One approach to distance education is to capitalize on the technical capabilities of the World Wide
Web (WWW) to create resource and training centers for continuing education of professionals. The
SMART Center (Safe Maintenance in Aviation Resource and Training Center) is an example of such
an approach for the delivery of On-the-Job Training (OJT). The focus of the Center is to train
aviation maintenance personnel issues in Maintenance Resource Management (MRM).

Human factors research in aviation has traditionally been concerned with the successful interaction
between person and system, where system was generally considered to be a machine. In recent years
human factors research has broaden the scope of the system to include successful interaction
between individuals, groups, teams, and the environment in which personnel work. Accidents
related to a breakdown of human communication and team work prompted the aviation industry to
institute Crew Resource Management (CRM) to explicitly train flight crews to work together as a
team. Industry is now recognizing that communication, situation awareness, and team work are
essential to reduce errors and increase efficiencies in aviation maintenance operations.1
Maintenance Resource Management (MRM) is a new training initiative promoted by the aviation
industry to address shortfalls in communication, situation awareness, and team work among
maintenance personnel.

A web-based training center, by virtue of being a central and public repository of research and
training, lends itself to setting standards for MRM practice. The interactive nature of the Web can
support live interaction, asymmetric interaction, and the dynamic evolution of information, and also
can serve the aviation community as a forum for discussing issues unique to MRM.

The primary goal of the SMART Center project is to first create and service a web-based training
center and then evaluate its feasibility and utility. The first phase of the research completed the
development of the SMART Center infrastructure and the implementation of an on-line computer-
based training course for MRM training. Access to the SMART Center and the MRM course is
reached through the Human Factors in Aviation Maintenance and Inspection Web site at
http://www.hfskyway.com.
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A second goal is to develop standards for quality web-based training and delivery over the Internet.
Web-based training is becoming pervasive as a training medium. The range in sophistication and
quality between training products, however, varies greatly. At the close of the first phase of the
project a classification system was developed. The classification system identifies a) types of
features and level of sophistication in the delivery methods, b) course development standards, and c)
administrative standards. This classification system was derived as a result of implementing the
SMART Center infrastructure and observing the work of other developers attempting to create
information centers on the Web. The classification system is presented and discussed throughout the
body of this chapter.

4.2 DESCIPTION OF THE SMART CENTER

4.2.1 A Walk through the SMART Center

After entering the SMART Center, Aviation Maintenance Technicians (AMTS) find themselves
looking at a map of a virtual school. The map (Eigure 4.1) divides the school into four conceptual
areas: Administration, Classes, Resources, and Recreation.

Audio/Video

J Class Materials
8 Checkout

Lectu Hall

e Testipg |
rence s Wy ; .
Figure 4.1. SMART Center Map

If an individual wants to participate in a course, he/she first goes to the administrative area (Eigure
4.2) to see the courses offered and to sign up for a course. When an AMT registers for the MRM
course, he/she is placed on the course mailing list. Once registered, the participant has access to
class materials and activities. The class mailing list allows AMTs and instructors to send or receive
mail and to submit or receive assignments. The Calendar facility informs AMTs of current events
relevant to the course.

Calendar

. ﬁ
&

Administration

K

Figure 4.2. SMART Center
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Administration Area

AMTs visit the Resource Area (Eigure 4.3) to pick up course materials, listen to prerecorded
lectures, or view articles from online libraries. A typical lecture may be a Power Point slide-show
with a prerecorded audio lecture or a video of the instructor. AMTSs can browse other related sites
and databases through links from the reference section of the Resource Area.

References®

: Checkout Resources 4

AR L R

Figure 4.3. SMART Center Resource
Area

Interactive classes occur in the Lecture Hall, Lab, and/or Conference Room of the Classroom Area
(Figure 4.4). The CBT Lab is where interactive multimedia Computer-Based Training (CBT) can be
found.

i '.'r'ﬂ
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Conference ‘:Tr l
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Figure 4.4. SMART Center Classes Area

The MRM-CBT, developed for the SMART Center and also available on the FAA/AAM CD98, is a
prototype course that incorporates various multimedia tools bound together into an “electronic
book.” The CBT provides course participants with a basic introduction to eight specific MRM
concepts. The concepts are Airline Safety, Human Error, Human Factors, Worker Safety,
Communication, Situation Awareness, Teamwork and Performance Management (Leadership).

A course participant can work her way through the basic concepts of the MRM course at her own
pace. This is a good way to prepare prior to a class lecture or to review class material after the basic
concepts have been presented in another context. For each unit a pretest is given followed with
feedback showing how well the participant did. The participant can then review the material. He
may review all the material for the unit or just the material he got wrong. Concepts are organized in
outline form and the text and graphic displays are augmented with video and audio where
appropriate. When the participant is ready he can be tested again. Once he has reached criterion that
unit is checked off as mastered. Progress through the course is recorded so that when the participant
returns to the CBT Lab he can continue where he left off.

Real-time lectures can be given through real audio-, video-, or text-based chat sessions. The type and
sophistication of the equipment required for the class will change with the type of activity that is
planned for the class. Text-based conference sessions require no additional equipment, while real-
time audio or video sessions require additional equipment and protocols. Real-time interactive audio
and video has not yet been implemented in the SMART Center. For the MRM course, a participant
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might be directed to first view an introductory video, followed by at least one pass through the basic
concepts of the unit in the CBT Lab, before attending a live interactive chat session with the
instructor. During the chat session participants can ask the instructor about specific concepts
covered in the CBT Lab. After the chat session the participants are expected to reach criterion in the
unit before the next unit is due to start.

The Recreational Area (Figure 4.5) is where more informal interactions may occur. The Cafe is a
meeting place for interest groups to gather and chat. Announcements for new classes and other
community activities can be posted on bulletin boards. Educational games can be launched from the
Game Room, and in the Atrium participants can submit works of interest to be reviewed. If accepted
these works will be posted in the atrium for public access.

@

Games 389

Figure 4.5. SMART Center Recreation
Area

4.2.2 What Makes the SMART Center Unique

Table 4.1 summarizes the key features that comprise the SMART Center. What makes the SMART
Center unique is that it can function as both a training center and as a job aid. As a training center
the SMART Center supports real time and asynchronous interaction as well as exploratory and
structured learning. Lectures, conferencing, and interest groups are examples of real time
interaction. E-mail is an example of asynchronous interaction. Lectures and testing could provide
formal classroom structure, while a CBT Lab could provide an exploratory or troubleshooting
environment. Decentralized collaborative teaching is possible with this type of instructional
vehicle. The lectures in each unit in a course could be given by a different expert. And if recorded,
that lecture can be accessed as needed. The continuity of the course can then be coordinated through
CBT and an instructional administrator. If done well, this type of instructional vehicle provides a
very consistent training resource worldwide. Finally, the training site is always open and available.

Table 4.1. Key Features of the SMART Center

On-line Registration

Calendar of Events

Real time or canned video and audio lectures

Informal discussions via chat groups, bulletin boards and email list server

Interactive Multimedia CBT and job aids (e.g. FAR glossary)
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Archive and access important documents, articles, applications, class materials, media
clips through direct display, email, ftp.

On-line testing with immediate feedback and record keeping.

Participant submission of candidate work for resource archives

As a job aid the SMART Center can function as both a central knowledge base and a communication
center. Large databases, digital libraries, directories of services, and publications can be accessed.
Information appears to be centrally located, yet can actually be distributed across many sites.
Resources are not limited to the access of print information; resources can also be a location where
ideas are exchanged through e-mail discussion groups, teleconferencing, or through video or audio.
Knowledge is not easily lost. A class missed can be viewed at any time. Knowledge is not static. The
body of information naturally evolves with the interests and perspectives of the participants as they
interact, formally and informally, through different types of media. Training, communication, and
the daily work routine are no longer distinct activities but become closely coupled with each other.

4.2.3 Limits to the Technology

Not everything about web-based training is a positive. The band-width expected to carry all this
highly interactive multimedia material could be huge and costly or slower than mud if not well
designed. Video beyond short clips of talking heads is generally impractical. Interactive video or text
conferencing could be unwieldy if not carefully orchestrated. We must not lose the content for the
technology. Often simple solutions can be very effective. High technology does not necessarily
mean higher learning. Many relatively low technological activities have been found to be more
effective in instructional activities than some of their high technology counterparts.2 For example,
electronic mail is a very successful educational medium, while satellite conferencing has had mixed
reviews. Though satellite broadcasts are able to reach large numbers, the medium is lacking in the
interactive aspects of a class that are important for sustained comprehension and skill development.
Electronic mail is better suited to support the interactive aspects of a distance education class.
Participation in e-mail based classes tends to be very high. Since e-mail is an asynchronous medium,
participants have time to reflect on their correspondence. As a result, the quality of the interaction is
also high. Administration of distance education courses in general require more overhead than
traditional training. Participants of such courses need to be self-motivated individuals.

If these limits are taken into account and planned for, then the potential for consistent reusable
training, a living growing resource, and a thriving communication center is a real possibility.

4.3 CLASSIFICATION OF WEB-BASED TRAINING

4.3.1 Web-Based Training Features

Table 4.2 shows the features that comprise a classification system for web-based training. Each
higher level contains all the features of the lower levels. Most basic web sites found on the Internet
fall into Level 2 of the classification system. That is, the sites have both text and graphics with non-
linear links for navigating through the pages. Level 1 systems, found at some government sites, are
all text-based with a simpler navigation mechanism consisting of a table of contents and page-
turning navigation. As one moves higher in the classification system, the interactivity of the site
increases. Level 3 provides participants with asynchronous interaction such as e-mail, bulletin
boards, student registration, and an ability for full-text document search. Level 4 provides students
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with what most people would recognize as multimedia supported Computer-Based Training. Video,
audio, or animation is supported. Real time text-based interaction, in the form of chat rooms and on-
line testing or adventure games, is available. Students are tracked and a record of their progress is
provided. This is the level where one would see the use of Java or Active X applications. Level 5
distinguishes itself in two ways. One is the ability to do real-time video or audio conferencing. The
other is volume. The site is organized like a university or campus where complete certification or
complete degree programs are possible. Finally, Level 6 adds intelligence to the operation. A word
about what is meant by intelligence. In order for a developer to claim his/her system demonstrates
intelligent behavior, it must exhibit the following features: it must collect and organize data; it must
review that information and make modifications to its structure (e.g., modify its rule base) which in
turn changes its conduct in response to its environment. Examples of such sophistication would be
intelligent tutors, expert systems, or intelligent agents that help coach, organize, or administer
instruction.

Table 4.2. Web-Based Training Classification System

Level Features Examples

1 - Text based HTML Some government sites
Page turning links

Table of Contents

2 - Levell+ Hyperlinked books
Graphics Most Web sites
Hyperlinking

3 Level 2 + On-line registration

Asynchronous interaction
Search capability

Student registration

Well structured navigation and site design -

Email, Bulletin Boards, List Servers
Site search full text document search
Ftp materials

Order forms

4 Level 3 + On-line testing
Automated multimedia Computer Based Chat groups
Tralnlng (CBT) with interactive database
access - MOOs, MUDs, adventure games (text)
Real-time text interaction Maintenance Resource Management
CBT (Active X -interactive database access)
Student tracking . ]
Ergonomics Audit Program (Java)
Streaming video and audio . .
Turbine Repair Automated Control
System (Active X)
Federal Aviation Regulations Multimedia
Glossary (Java — multi-threaded database
access)
5 - Level4 + Real-time lectures and demos

Real-time interaction Virtual University
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Campus organization

Full degree programs with multiple

courses
6 - Level 5+ - Destributed simulation
Intelligent Tutoring/ Expert systems - Intelligent coaching
Intelligent agents for coaching/ site - Ask the expert

organization _
Automate FAQ Maintenance

Real-time interactive simulation

Based on this classification system, the SMART Center falls within Level 4. It is actually designed to
accommodate a full training curriculum for aviation maintenance technicians but current lacks the
requisite volume in terms of courses and administrative support to completely meet Level 5
classification.

In the next section the SMART Center, representing a Level 4 web-based training site, is described.

4.3.2 Administering a Web-Based Training Center

There are four management systems that need to be in place to administer a Web-Based Training
Center (WBT) such as the SMART Center: System administration, Course development, Course
delivery, and Course administration. Each system has its own automated work environment and set
of procedures that facilitate the management of that aspect of the training process.

4.3.2.1 Course Development

Course development is the process by which the educator develops the course content of the material
used in this new environment. This includes tools necessary to convert the current course material
into a form which can be represented in this new environment. The course development environment
should accommaodate the tools (e.g., word processing, spread sheets, data bases, or slide
presentations) instructors and trainers are accustomed to using. In some cases, instructional
templates should be developed to facilitate course development and to ensure consistent quality in
presentation of materials. More importantly, the course development environment should provide a
straight-forward mechanism for posting course materials to the WBT Center. When real time
lectures are part of a course, protocols for managing the interaction need to be developed.

Table 4.3 classifies the standards that need to be in place for course development. Level 1 is simple.
One needs a mechanism for converting text-based electronic documents into HTML files. Many
word processors now have this capability. Methods for converting and linking more sophisticated
documents using a suite of HTML development packages are introduced at Level 2. In an effort to
standardize instructional material, standard instruction templates should be developed. With the
introduction of asynchronous interaction at Level 3, protocols for appropriate conduct and flow of
information should be established. Also a standard template for developing and processing forms
should be distributed. At Level 4, one now needs tools and protocols for developing and delivering
multimedia CBT. At Level 5, because of the large volume, standardized production procedures,
equipment and tools, as well as protocols for real-time interactions are all needed. At Level 6,
implementation of standards for development and maintenance of intelligent features is necessary.

Table 4.3. Classification of Course Development of Web-Based Delivery
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Level Course Development

1 . Convert text-based documents into HTML files

2 - Level 1+
Convert and link text with embedded graphic documents
Instruction templates
HTML development packages
Graphic development tools
3 - Level 2+
Protocols for asynchronous interaction
Forms development
4 - Level 3+
Protocols for automated delivery
Multimedia development tools
Off-the-shelf or custom course development packages
Off-the-shelf or custom delivery system
S - Level 4+
Protocols for real-time delivery
Standardized production procedures
Standardized equipment and tools
6 - Level 5+

Standards for development intelligent features

4.3.2.2 Course Delivery

The course delivery mechanism is the most developed aspect of web-based training. Many trainees
are already familiar with the point-and-click environment of a Web browser. The WBT interface
should present a coherent pedagogical structure that allows users to easily navigate and access
information and to participate in the activities of the course. Typical questions that should be asked
during the design phase of a web-based training course are: “How does one create an environment
where a sense of active engagement is the norm?” “How does one insure both independent activity
and joint participation are productive?”

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/In...  2/1/2005



NextPage LivePublish Page 9 of 11

The primary devices required for sending and receiving web-based training are the computer, a
telephone line, and a modem. Because of the nature of multimedia information, the receiving
computer must have graphics, sound, and telecommunications capability. The minimum
requirements for a receiving computer are a 486 processor, 16 megabytes of memory, and at least
500 megabytes of disk space for storage of the operating system, communications software, and
applications software. To accommodate the transfer of large data sets across the Internet in
reasonable time, the modem should have a minimum speed of 28.8 KB.

4.3.2.3 Course Administration

Course administration consists of the tools necessary for the educator to properly administer the
course activities. Additionally, the course administrator may develop, post, and, in some cases,
present the course content in real time. Course activities also include posting assignments and tests,
grading assignments and tests, and consulting with trainees. A large part of the design and
implementation effort for a successful web-based training center is building functional components
to support instructor posting of multimedia documents as well as the development of automatic
updating of databases that store archived materials and test results.

Distance education courses tend to require more administrative time on the part of the instructor than
traditional courses. This is due to the increased correspondence between instructors and trainees,
and the more detailed feedback instructors tend to give trainees on assignments.3 As distance
education courses mature, the time spent on content preparation and presentation should diminish,
since the course content will have been developed and posted on the site. Correspondence with
trainees on assignments and tests will continue to be the central activity of instructors.

Table 4.4 outlines what is required administratively for our classification of web-based training. At
Level 1, one only needs a system directory structure for the HTML files. At Level 2, minimum
security should be implemented and protocols for posting materials developed. At Level 3, a
moderately sophisticated registration and security system should be in place. Protocols for
accommodating courseware developed by common office tools and a mechanism for maintaining
full-text search capabilities should be in place. Level 4 introduces fairly sophisticated database
capabilities. These facilitate the ability to automatically track student progress and post and grade
assignments. Protocols for access to students records by instructors should also be in place. Level 5
requires the ability to handle large scale tracking of student and administrative information as well as
protocols for administration of real time delivery. Finally, Level 6 requires protocols for maintaining
intelligent features.

Table 4.4. Classification for Course Administration of Web-Based Training
1 - Post HTML pages to directory

2 - Level 1+
Minimal security

Protocol for posting materials

3 - Level 2+
Security, registration
Accommodate office tools (e.g. word, PowerPoint, e-mail)

Maintain search capability

4 - Level 3+
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Automatic tracking student progress
Posting/grading assignments

Protocol for access to student records

5 - Level 4+
Protocols for administration real-time delivery

Large scale tracking student and administrative information

6 . Level 5+

Protocols for maintaining intelligent features

4.3.2.4 System Administration

System administration keeps the WBT Center physically running. System administration makes sure
the hardware and software can handle such things as simultaneous connections and information
through-put. Other administrative duties include registration of students, tracking students for
accounting purposes, and security.

High speed communications is a must to deliver WBT. The operating systems for these
communication servers must be capable of handling multiple connections in order to efficiently
disseminate the required material. For example, a T1 Internet connection can handle roughly 200-
300 simultaneous connections from student PCs. The maximum number of connections could be
higher for a more “text” based system and may have to be reduced for a system utilizing a large
amount of video.

A typical distance learning class size will have a large effect on the type of system necessary to
support the distance learning environment. The greater the number of students connecting
simultaneously, the more important it will be to consider the system’s capacity. Typical systems are
Unix systems, although a Windows NT server can handle modest systems. The more powerful the
communication system the greater the number of students that can connect to the WBT Center. For
the SMART Center a Sun workstation with a communications capacity of 56 kilobytes is used. This
IS @ minimum system capacity supporting a single class of 15-20 students.

4.4 FUTURE WORK

The first phase of the research completed the development of the SMART Center infrastructure and
the implementation of an on-line computer-based training course for MRM training. During phase
two of the research an on-line MRM seminar will be conducted. Participants in the seminar will be
invited to evaluate the seminar and the SMART Center site.

A second goal is to develop standards for quality Web-Based Training and delivery over the Internet.
Exclusive classification of web-based training is difficult because many sites will find they have
features across classification levels. Developers will also find that they may meet one classification
in the area of features but not in the area of course development or course administration. This
classification system does give one a rule of thumb for assessing where the sophistication of a site
primarily falls. With a classification scheme in place developers will be able to identify and
implement training standards. Clients will be better able to identify their training needs as well as
compare the costs they are incurring vs. the levels of sophistication and value added they will
receive.
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More important than classifying the features of a site, is the honest assessment of standards and
protocols for developing and administering a site. How ad-hoc are the production procedures? For
most of us the honest answer is pretty ad-hoc. The next step is to begin to define those standards and
protocols (i.e., write them down) followed by a conscious effort to implement them. During the
second phase of the SMART Center research project the classification scheme will be used as
guidelines for developing production standards for web-based training.

4.5 FUTURE TRENDS

We are coming to realize that while the way we do business has changed, the nature of our work is
not any easier. Computers and networks provide access to data which can be interpreted and
manipulated by personnel from anywhere in the country. However, we are all experiencing
information overload from too much, poorly organized, data. The next phase of the information age
will be to create vehicles designed to make our information-intensive work seamless, efficient, less
error prone and, hopefully, easier. Information will be organized so that it is easy to access specific
information quickly. Job aids will be designed to facilitate both information access, entry, and
analysis. Training will be task specific and completed as needed. One trend that will become more
pronounced is the merging of information access and manipulation, job aids and on-the-job training.
These separate enterprises will become less and less distinguishable. Job aids will facilitate
information access and manipulation while training will become an elaborate coaching or help
mechanism to the job aid. Sometimes one will be aware that one is progressing through an
organized course. At other times one will only be aware that one has access to progressively more
specific information or more complete guidelines. Electronic Performance Support Systems (EPSS)
is the terminology used to describe these new emerging technologies tailored for the information
age.4 A web-based EPSS is seen as a viable technical approach to meeting the goals of these future
work flow trends.
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CHAPTER 5
EVALUATION OF GROUND DAMAGE INTERVENTIONS

C. G. Drury, Ph.D., C. A. Wenner and M. R.. Murthy
State University of New York at Buffalo

5.1 INTRODUCTION AND BACKGROUND: THE GROUND DAMAGE
PROBLEM

This study continues earlier work on ground damage accidents, extending it from analysis of existing
incident records to the measurement of the effectiveness of ground damage interventions.

Before we can examine how to intervene in ground damage, we must first define it and provide the
historical background of attempts at ground damage control.

5.1.1 Definition of the Ground Damage Problem

In an airline maintenance environment, ground damage incidents (GDIs) refers to incidents in which
airline personnel cause damage to an aircraft while it is on the ground. Ground damage can be
caused by either maintenance or other ground personnel, and can occur at a maintenance facility or
elsewhere on the ramp. Generally, maintenance personnel cause ground damage when they are
using equipment near an aircraft to perform maintenance work, or while they are moving an aircraft.
Ground damage caused by ground operations personnel generally occurs as an aircraft is being
serviced, or as an aircraft is being moved into or out of a gate area. This category of incident only
includes damage that is inherently preventable by airline personnel on the ground: damage caused by
hail, bird strikes, part failures, or even by foreign object damage is not considered to be ground
damage. Ground damage incidents also differ from ASRS reported ground incidents, which usually
refer to miscommunications between pilots and air traffic controllers (e.g., runway incursions) which
occur while the aircraft is on the ground.

The problem of ground damage incidents is one that is quite costly to airlines. In fact, one estimate
puts the cost of ground damage around the world at twenty billion dollars per year.9 Ground damage
incidents result in both tangible (direct costs involved in repairing an aircraft plus indirect costs such
as lost revenues) and intangible costs to the airline. One example, documented in Airline Equipment
Maintenance describes a typical ground damage incident in which the cost of repairing a damaged
aircraft was $39,300, while the total cost of the incident was calculated to be $367,500 due to lost
passenger and cargo revenues.1 McDonald, White and Cromie suggest that indirect costs are usually
underestimated by airlines, and can be five times as high as the direct costs of an incident.7
Additional intangible costs from passenger inconvenience, affected flight schedules throughout the
entire maintenance system, and increased maintenance workloads are difficult to calculate, but also
contribute to the cost of an incident.

5.1.2 Past Research Efforts Addressing Ground Damage Incidents

In recent years, the problem of preventing ground damage has garnered much attention throughout
the airline community. For example, Transport Canada is developing a Ground Crew Dirty Dozen
poster series, to parallel the Maintenance Dirty Dozen series, to alert ground crews about potential
error-causing situations in their environments.12 This series recognizes that ground operations

personnel can help prevent future ground damage incidents by being aware of, and avoiding, these

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/In...  2/1/2005



NextPage LivePublish Page 2 of 30

potentials for error.

The Aerospace Psychology Research Group (APRG), at Trinity College Dublin, has been
investigating safety on the airport ramp for many years. The APRG has been concerned mainly with
ground crew operations, and the possibility of reducing ground damage incidents through a human
factors approach. Their analyses have identified that operations on the airport ramp rely on the
ground crew being flexible and adaptive to deal with deficiencies on the ramp. Some of the
deficiencies identified include congested work areas, time-pressures, and various types of equipment
which each operate differently.6 They also point out that deficiencies on the ramp generally result
from design, operational, and organizational deficiencies that have been passed down to ramp
operations from elsewhere in the airline system.3

APRG also worked with the IATA Ground Handling Council’s Ramp Safety Group to develop an
international ramp accident database, which has been used to document some common safety
concerns in a typical airline ramp environment. Problems in the system were organized using the
SHELL model of human factors.4 Results from analyzing incidents collected in this database
indicate that airlines have been generally ineffective in planning, developing and evaluating
countermeasures to address recurring safety concerns in the ground operations environment.8 Thus,
the APRG, in conjunction with other university and airline industry partners, developed a training
initiative to address some of the safety issues identified. This program, SCARF, (Safety Courses for
Airport Ramp Functions) is a safety training program which promotes safe and cost-effective airport
ramp operations.6 The training program includes four sections for different members of the
organization, recognizing that any changes on the ramp must be supported at all levels within an
organization.9 SCARF is being marketed to airlines and ground service companies as a tool to help
ground crews and managers become aware of recurrent safety problems in the system, as well as to
help deal with acute, one-of-a-kind incidents.

In 1995, a research team at SUNY at Buffalo, funded by the EAA Aircraft Maintenance Human
Factors Research Program, investigated ground damage incidents in a maintenance environment as
part of a study into how incidents are investigated and recorded in airline maintenance operations.13
Researchers examined 130 technical operations ground damage incidents, representing three and a
half years of data, in an attempt to identify the causes for each incident. The incidents were first
sorted into hazard patterns according to the specific action that caused the incident. Only twelve
distinct hazard patterns were identified, indicating that the same types of incidents occurred over and
over (see Table 5.1). Next, the latent failures, or those errors that derived from decisions made by
supervisors and managers who are separated by both time and space from the physical system, were
identified for each incident (see Table 5.1). As in the research from the APRG, latent failures were
organized according to the SHELL model. Finally, the relationships between hazard patterns and
latent failures could be closely examined.

Such an analysis lends itself to the development of targeted interventions to prevent additional
ground damage incidents. A matrix of hazard patterns and latent failures was developed, allowing
the effect of an intervention to be evaluated. If an intervention were chosen to address a particular
latent failure, the matrix would allow the effect on hazard patterns to be identified. For example,
problems with painted guidelines, lines painted on taxiways and aprons for pilots to line up their
aircraft, were associated with 10 percent of all ground damage incidents. Thus, if an intervention to
improve the guideline problem was introduced and was 60 percent effective, then there would be an
impact on 60 percent x 10 percent = 6 percent of ground damage incidents. This methodology
provides a means of justifying the implementation of a specific intervention.

In addition, Chi-squared analysis showed significant associations between specific latent failures and
specific hazard patterns (see Table 5.1).14 Thus, it is possible to use this information to guide the
choice of interventions that address particular latent failures, which in turn will prevent future
ground damage incidents from the associated hazard patterns.
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squared Analyses

Table 5.1. Summary of Associations between Hazard Patterns and Latent Failures from Chi-

Latent Failures

Associated Hazard Patterns

Hardware
H1 Poor Equipment

H1.1 Poor Equipment: Inappropriate for Task
H1.2 Poor Equipment: Mechanical Problem

1.1 Equipment strikes parked aircraft

Environment

E1 Inadequate Space
E1.1 Inadequate Space: Congested Area
E1.2 Inadequate Space: Ill-suited for Task

E2 Problems with Painted Guidelines
E2.1 Guidelines: Do Not Exist
E2.2 Guidelines: Do Not Extend Out of Hangar
E2.3 Guidelines: Not Suitable for Aircraft

2.3 Aircraft under tow

2.3 Aircraft under tow

Liveware (Individual)

LI Lack of Awareness of Risks/Hazards

1.2 Aircraft or part moves to contact object

Liveware-Liveware
LL1 Poor Communication

LL1.1 Poor Communication: Between Crew
LL1.2 Poor Communication: Between Shifts
LL2 Personnel Unaware of Concurrent Work
LL3 Correct Number of People Not Used
LL4 Pressures to Maintain On-Time Departures

LL5 Pushback Policies Not Enforced

1.2 Aircraft or part moves to contact object

1.2 Aircraft or part moves to contact object
(General)
(General)

2.3 Aircraft under tow

As described earlier, there has been considerable effort expended to describe the types of problems
that typically cause ground damage incidents. Previous research has also provided a methodology
that can be used to examine future incidents. However, analyses of past incidents indicate that there
are only a small number of incidents that continually recur, and causes of these incidents have
already been captured in previous studies.13.14 Thus, continuing to examine incidents without
examining interventions does not help to prevent future incidents; it simply helps to strengthen
confidence in the classification system and methodological approach to data analysis. Developing
targeted interventions, and evaluating the effectiveness of these interventions is the next important
step in preventing re-occurrence of typical ground damage incidents.

5.2 OBJECTIVES

Although previous research has pointed to interventions which appear to be effective in preventing
future ground damage incidents, little effort has been made to objectively evaluate these
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interventions. Thus, the first objective of this study was to quantify the effectiveness of human
factors interventions in ground damage incident reduction at one airline.

Although it is useful to measure the effectiveness of particular interventions, it is necessary to
determine a methodology that can be generalized to other possible interventions. Thus, a second
objective of this study was to establish a methodology for analysis of incidents, deriving
interventions and measuring the effectiveness of interventions that can be used by other airlines and
for other human error outcomes.

5.3 METHODOLOGY

There were three steps to our methodology. First, our earlier analysis was extended to non-
maintenance ground damage to provide a larger database. Next, two studies were completed , each
involved a different evaluation methodology.

5.3.1 Airline Partner Background

Our previous studies of maintenance-related ground damage incidents (GDIs) focused on identifying
the root causes (latent failures) underlying the final incidents (active failures).13 The current project
goes beyond these analyses to evaluate interventions based, in part, on the causal structures we have
developed.

The airline partner has, of course, an on-going program of responses to GDIs. Appendix 1 presents the
current initiatives at the airline. (Note that this list has been de-identified to preserve the anonymity
of the airline). As typical in the airline industry, our airline partner keeps and analyzes data on GDIs
for management purposes. A computerized data entry form is used to record specific information
about each incident, and a detailed investigation is performed for most ground damage incidents.
The data from the computerized data entry form is then brought into spreadsheets, which allows the
data to be examined on a regular basis (e.g., monthly). These spreadsheets are used to analyze
incidents by station, by fleet, by equipment involved, etc. While this type of analysis gives data on
the magnitude and location of the ground damage problem, it does not relate to either causal factors
or interventions. Although the detailed investigations of ground damage incidents include
information about causal factors and recommended interventions, this information is less likely to be
used when looking at the ground damage problem.

At our partner airline, records of ground damage incidents in ground operations are maintained
separately from ground damage in technical operations (maintenance). Since the tasks performed by
ground crews and mechanics differ significantly, it would be expected that ground damage incidents
types and frequencies should also differ between the two departments.

5.3.2 Analysis of Non-Maintenance GDIs

Our initial analysis of the partner’s maintenance-related GDIs (1995-96) has been supplemented by
analysis of 315 additional incident reports from the ground operations area. GDI reports from
January 1995 through November 1995 and from September 1996 through February 1997 were
included in this analysis. Only 42 of these (13%) did not fit into our previous classification of active
failures, or hazard patterns. Four new hazard patterns have been developed to cover these new
incidents. The classification of ground damage incidents into hazard patterns has been summarized
in Table 5.2. In addition, our partner airline allowed access to the spreadsheets summarizing the
ground operations ground damage incidents from 1995, 1996, and January through June of 1997.
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Table 5.2. Comparison of Technical Operations Ground Damage Incidents and Ground Operations

Ground Damage Incidents

Technical Ground
Operations Operations ALL
Incidents Incidents Incidents
Number | Percent | Number | Percent | Total
1. Aircraft is Parked at the Hangar/Gate/Tarmac 81 62 280 89 361
1.1 Equipment Strikes Aircraft 51 39 239* 76 290*
1.1.1 Tools/Materials Contact Aircraft 4 3 16 5| 20
1.1.2 Workstand Contacts Aircraft 23 18 25 8| 48
1.1.3 Ground Equipment Driven into Aircraft 13 10 63 20| 76
1.1.4 Unmanned Equipment Rolls into 6 4 36 11 42
Aircraft
1.1.5 Hangar Doors Closed onto Aircraft 5 4 2 1
1.1.6 Jetway Contacts Aircraft 17 5| 17
1.1.7 Employee Contacts Aircraft 2 1
1.2 Aircraft (or Aircraft Part) Moves to Contact 30 23 23 7 53
Aircraft
1.2.1 Position of Aircraft Components Change 15 12 7 2| 22
1.2.2 Center of Gravity Shifts 9 7 6 2| 15
1.2.3 Aircraft Rolls Forward/Backwards 6 4 10 3| 16
1.3 Cord/Hose Pulled out of Aircraft 18 6 18
2.0 Aircraft is Moving (Under Tow or Taxi) 49 38 30 10 79
2.1 Towing Vehicle or Towbar Contacts Aircraft 5 4 8 3 13
2.2 Aircraft is Not Properly Configured for Towing 2 2 1 0
2.3 Aircraft Contacts Object/Equipment 42 32 21 7 63
2.3.1 Aircraft Contacts Fixed Object/Equipment 13 10 2 11 15
2.3.2 Aircraft Contacts Moveable 29 22 19 6| 48
Object/Equipment
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3.0 Service/Maintenance Error Caused Damage to S 1
Aircraft

130 100 315 100 445

NOTES ON TABLE 5.2:

* Totals for hazard pattern 1.1 includes 78 incidents that could not be broken into subcategories due to
lack of information

Data for Technical Operations represents 3.5 years of data, while data for Ground Operations represents 1.5
years of data

It is important to note that there were 78 ground damage incidents (or 25 percent of the ground
operations incidents) that could not be classified more specifically than hazard pattern 1.1
(Equipment Strikes Aircraft). In most of these incidents, ground personnel discovered damage to the
aircraft while working around the aircraft, and the exact cause and time of the incident was
unknown. However, due to the nature and location of the damage, it was possible to determine that
something contacted the aircraft causing the damage, but exactly “what did contact the aircraft could
not be determined.

Our previous set of GDIs (from technical operations) was further analyzed to identify the
interventions that had been recommended based on the ground damage incident investigation.
Generally, the recommended interventions were based only on the information uncovered during the
investigation, and were not concerned with the entire ground damage problem. A similar analysis
was not performed on the ground operations incidents due to incomplete data for many incidents.
The interventions recommended by the ground damage incidents analysts were heavy on changing
procedures documents, training and counseling, although a number of hardware changes were also
recommended. A summary of the recommended interventions is presented in Table 5.3, and the
complete list of interventions is presented in Appendix 2. These interventions have been organized
according to the SHELL model to match the categorization of latent failures in the ground damage
incident analysis. Note that there were over 500 recommended interventions for 130 incidents,
indicating that investigators often are able to identify multiple potential solutions to a problem. Our
previous analysis indicates that the 130 incidents fall into only 12 distinct categories, implying that
the same events keep re-occurring to cause ground damage incidents. Thus, we can infer that many
of these recommendations were either not implemented or ineffective, since had they been
implemented and effective, later incidents would have been prevented.

Table 5.3. Summary of Recommended Interventions for Ground Damage

Number Percent
Software 73 14
Placards/Warnings 10 2
Changes to Procedures 63 12
Hardware 112 22
Changes to Hardware 54 11
Supply and Use Correct Equipment 30 6
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Improve Maintenance of Equipment 28 5
Environment 51 10
Improve Lines/Markings 28 6
Use Traffic Cones 3 5
Improve Lighting 3 5
Better Use of Space 17 3
Liveware (Individual) 209 41
Training/Coaching 79 15
Hazard Awareness/Alerting 39 8
Ensure Procedures are Followed 91 18
Liveware/Liveware 64 13
Improve Situation Awareness/Coordination 9 2
Improve Supervision/Management Support 10 2
Improve Communications Within 21 4
Team/Shift
Establish New Policies 24 5
TOTALS 509 100

Table 5.3 shows one set of data from our airline partner, i.e., interventions recommended by ground
damage incident investigations.

We have already seen in Appendix 1 a list of ongoing interventions in the ground operations
department at our partner airline. Both the recommended interventions and the on-going
interventions have been classified using the same SHELL model (See Table 5.4).

Table 5.4. On-going Activities (Interventions) to Address Ground Damage at
Partner Airline

Number Percent
Software 3 8
Placards/Warnings 2 5
Changes to Procedures 1 3
Hardware 8 21
Changes to Hardware 4 10
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Supply and Use Correct Equipment 1 3
Improve Maintenance of Equipment 3 8
Environment 0 0
Improve Lines/Markings 0 0
Use Traffic Cones 0 0
Improve Lighting 0 0
Better Use of Space 0 0
Liveware (Individual) 11 29
Training/Coaching 11 29
Hazard Awareness/Alerting 0 0
Ensure Procedures are Followed 0 0
Liveware/Liveware 16 42
Improve Situational 1 3
Awareness/Coordination
Improve Supervision/Management Support 10 26
Improve Communications Within 0 0
Team/Shift
Establish New Policies 5 13
TOTALS|38 100

Thus, we have two sets of interventions: those actually implemented and those proposed.
Comparisons between Table 5.3 and Table 5.4 indicate that the partner airline is currently
concentrating more on liveware and liveware/liveware interventions than was suggested by past
incidents (71 percent to 54 percent). Also, the partner airline is currently not focusing on any
environment interventions, though these were recommended during the investigation of past
incidents. A Chi-square test on the SHELL category totals confirm that the difference between

recommended and on-going interventions is significant (X2_(4) =31.1, p<0.001).

There is less data available on the relationship between recommended interventions and actually
implemented interventions. For example, in many cases it is unknown whether a recommended
intervention was ever implemented or if an implemented intervention caused additional problems in
the system. From these two sets we have chosen a number of interventions for evaluation so as to
demonstrate the effectiveness of different interventions. We are also collecting before-and-after data
on a new intervention that was proposed by the SUNY at Buffalo Team.

Thus, there are effectively two projects: one to evaluate management-initiated interventions
retrospectively using archival data and one evaluating a jointly initiated intervention using
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prospective data. These are referred to as the archival study and the prospective study.

5.3.3 Study 1: Use of Archival Data

The airline partner maintains records of both ground damage incidents and dates of implementation
of interventions. We used both data sets to determine the effectiveness of interventions by counting
incidents before and after each intervention. At present, our airline partner performs occasional
informal evaluations by tracking incidents immediately following particular interventions, but it has
no mechanism for performing statistically valid evaluations on an on-going basis.

First, we chose interventions specifically to demonstrate the range of applicability of this technique.
From our analysis of recommended interventions using the SHELL model, we found each of the five
model components represented, although the emphasis is on procedures [software and personnel
(Liveware)]. We have chosen interventions that are expected to have quite different characteristics:

A liveware/liveware interaction using a training intervention targeted at first line supervisors,
specifically training of crew chiefs through the Equipment Service Chief (ESC) training program.

A liveware/liveware interaction using a training intervention targeted at first line operators,
specifically training on jetbrige operations for Customer Service Agents (CSA) and cleaners.

A procedure intervention, where a specific procedure change has been implemented, in this
case the canopy procedure modification for a specific aircraft type.

The training interventions were chosen as being relatively inexpensive and rapid in their
implementation. However, any training intervention may be expected to have decreased
effectiveness over time due to personnel forgetting the training and/or re-assertion of less effective
norms. In contrast, a procedure intervention may be expected to have more permanent effects, even
though it is often slower and more costly to introduce. Note that the first two interventions represent
changing the operator to fit the task, while the third is an example of changing the task to fit the
operator. In any human factors program, both types of interventions are needed, so we need ways of
evaluating the effectiveness of each.

Most interventions at airlines are programmed for a phased implementation due to resource
limitations. Thus, not all personnel can be trained on the same day, or even in the same month.
Hardware and procedure changes may take even longer, where they require site-by-site and even
gate-by-gate changes to ground-based equipment and procedures. Some procedural changes
(software) can be implemented rapidly. For example, manuals can be changed quickly, but the full
effect of these changes on operator behavior may still take some time to appear. Thus, in using
archival data, we must take into account the progressive rather than instantaneous nature of changes.

In this archival study we combined the existing data from ground damage incidents and intervention
records to develop measures of effectiveness despite phased introduction. The month of introduction
of an implemented change was used as a constant starting point for measurement. Prior and
subsequent months then had negative and positive values, respectively. All sites (stations, areas or
even specific gates, depending on the intervention) were matched to the implementation date of the
intervention at that site. Note that existing records of who was trained on what date are not always
easy to match to records of personnel on duty at specific gates over specific periods. Ground
damage incidents were then recorded according to the number of months of both pre- and post-
interventions, as far as the data allowed. Since ground damage is fortunately a rare occurrence, most
sites will have zero in most cells (indicating that no ground damage occurred during that month),
with some having one and rarely two or more.
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5.3.4 Study 2: Use of Prospective Data

The intervention for the prospective study, regular behavioral feedback, was one that is relatively
new to airlines, relatively inexpensive, yet well established in the literature. In this technique, the
occurrence of well-defined safe and unsafe behavior is counted on a regular basis, and visual
feedback based on these counts is provided weekly to the personnel involved. Sulzer-Azaroff and
De SantaMaria concluded that feedback accompanied by approval of, and suggestions for,
improvement is an effective intervention strategy in industrial settings.11 Behavioral feedback has a
long history, for example in improving safe operations of forklift trucks in warehouses, or improving
manufacturing safety.2,11 In fact, a similar system was being used currently at the partner airline (in
conjunction with Liberty Mutual) to help control injuries in ground maintenance operations. In this
project, we analyzed the effects regular behavioral feedback to impact the specific behaviors which
contribute to ground damage incidents.

From our previous analysis of the active and latent failures we developed a set of safe behaviors
which, if followed, will eliminate particular latent failures that contribute to ground damage
incidents. Thus, for one hazard pattern, vehicle moves to contact aircraft, one strongly-associated
action was leaving the engine running or the parking brake unset, so that the vehicle was able to
move, e.g., by wind gust or inadvertent gear shift. The safe behaviors associated with this action
were “setting the parking brake” and “switching the engine off.” A set of safe behaviors was
developed from the GDI analysis, and is shown in Table 5.5. The items on this checklist represent
behaviors that have been shown to contribute to ground damage incidents in the past. They provided
proven cause-and-effect relationship between operator behavior and the costly outcomes of ground
damage.

Each safe behavior had defined for it a visible indication, such as parking brake position or engine
running for an unattended ground vehicle. Others, to address specific latent and active failures, were
holding a brief team meeting before each arrival (the departure “huddle”), and having the correct
number of personnel available as wing walkers for each push-back. The safe behaviors checklist
was developed in conjunction with the partner airline ramp personnel to ensure that it was practical
as well as technically accurate. In fact, some of the same visible safe behaviors were already
included in the partner’s current safety study.

The partner airline has made results from its on-going safety audits available for inclusion in this analysis. Behavior
patterns common between the safety audits and on the safe behavior checklist (Table 5.5) have been used to determine
baseline performance, and to evaluate the effect of previously implemented interventions on the behaviors of ground
operations personnel.

Table 5.5. Safe Practices Checklist

YES NO N/A

General

1 | Taxi lines properly marked?

2 | Vehicles parked in assigned place?

3 | Safe zone lines painted at gate?

4 | Engine turned off when vehicle is left unattended?

5 | Parking brake set when vehicle is left unattended?

6 | Gear selector in neutral when vehicle is left unattended?
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Vehicle chocked when left unattended?

Jetway bumper 1” to 3” away from aircraft?

Jetway rubber bumpers and canopy in good condition?

10

Loaders correctly positioned to aircraft on first approach?

11

All loader guide rails in position?

12

Loaders properly positioned against aircraft?

13

Ground equipment positioned at least 4 feet from aircraft?

14

Proper equipment used to service aircraft?

15

Guideman used as vehicle was backed away from aircraft?

16

Tugs and carts driven too close (within 6 feet) to the aircraft?

17

Tugs and carts hand-pulled too close (within 4 feet) to the aircraft?

18

Less than maximum number of carts/trailers (4) used at any one time?

19

Correct approach/departure made with trailing carts?

20

Handbrakes set on unattended carts/vehicles?

21

Guideman used when maneuvering equipment close to aircraft?

22

Vehicles driven under any part of the aircraft?

23

Unused equipment/parts accumulated in work areas?

24

Beltloader driven with boom in lowered position?

Vendors

25

Use guideman while positioning their vehicle to/from aircraft?

26

Use truck chocks?

27

Position vehicle in correct location?

Aircraft
Specific

Aircraft type A

28

Jetway canopy lowered on aircraft?

Aircraft type B

29

Beltloader inserted into rear cargo bin?

Proper 3-step towbar disconnect procedure followed?
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Arrival

31

Is ramp crew at gate prior to aircraft arrival?

32

Is gate area set up prior to aircraft arrival?

33

Jetway pre-positioned at a marked position?

34

All pre-positioned equipment in designated areas?

35

Aircraft parked on proper stop mark?

36

Both main gears chocked?

37

Aircraft chocked before equipment positioned at aircraft?

38

Cones properly placed at wingtips or engines?

39

Equipment positioned correctly at aircraft?

40

Wingwalkers used in congested areas?

Departure

41

All doors and access panels closed?

42

Chocks in place until all equipment removed?

43

Communications maintained until all engines started?

44

Pushback crew meets (huddles) before beginning pushback?

45

Proper hand signals and wands used by pushback crew?

46

Jetway in designated safe zone before aircraft departure?

47

Wingwalkers correctly positioned?

48

Correct number of wingwalkers/guidepeople used?

49

Area visually checked for clearance before aircraft departure?

50

All equipment in jetblast area secured?

51

Equipment backed into proper parking position?

52

Ground power cords disconnected?

Observers must be trained, by SUNY at Buffalo and the partner airline, to make reliable and
consistent observations of each indication on the Safe Practices Checklist. An initial, baseline, level
can be found for the fraction of safe behaviors using a standard occurrence sampling technique. This
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defines the number of each behavior to be sampled, and the sampling plan to ensure effective
coverage of gates, shifts and aircraft fleets. Using the baseline level of safe behavior probability,
ramp management can set future target levels. For example, if the current level was .81 (81 percent
of behaviors are safe), a first-month target level of .90 may be chosen, with expected safe behaviors
ramping up to .95 for the next two months and .98 for the time period up to six months in the future.

The data from this type of study can be analyzed on a regular basis, usually weekly. Data can be presented to all
personnel as a graph, or control chart, showing actual and target levels. As weeks pass, all personnel can see progress
towards the target levels. In similar studies, the data is aggregated across natural units, such as the set of gates serviced
by each team, as well as by stations. In other studies, two enhancements have been used. First, if an observer sees an
unsafe behavior, he/she may be asked to tell the person involved immediately and provide reasons for, or coaching in,
safe performance. Second, the weekly graphs may have additional data on the top three unsafe behaviors. Both of these
enhancements provide directive feedback (or cognitive feedback) in addition to the performance feedback provided by
the graph of safe behaviors.

5.4 RESULTS

The results of each study, archival and prospective are presented in turn.

5.4.1 Study 1: Use of Archival Data

Procedural Intervention: Canopy Procedure Modification

This intervention was targeted at a specific aircraft fleet at our partner airline. This aircraft type differs from other
aircraft types in height and door operation, which results in a reduced clearance between the aircraft and jetbridge canopy
when the canopy is lowered. The canopy contacting the aircraft caused many ground damage incidents. Thus, a new
policy/procedure was implemented to prevent this type of incident. Airline management instructed all personnel not to
lower the jetbridge canopy on this particular aircraft type. A placard was provided for each gate reminding jetbridge
operators of this policy. Placards were provided simultaneously to all stations, and station management was told to
install the placards immediately. Airline management believes that at least 99 percent of stations have complied with the
requirement to install the placards (Personal Communication, 12/97).

One expected problem with this procedural change is that the jetbridge canopy protects passengers and crewmembers, as
well as the floor of the jetbridge, from getting wet in bad weather. Thus, the policy not to lower the canopy may oppose
airline personnel’s overall objectives to keep passengers safe and comfortable. In addition, this policy/procedure
requires airline personnel to use a different procedure for adjusting the jetbridge on this particular fleet than is used for
all other fleets. Thus, airline personnel may be susceptible to capture errors, where routine, well-learned patterns of

behavior take over and prevent a newer procedure from being performed.10

To examine the effectiveness of this intervention, a before/after approach was used in the statistical
analysis. This allows us to determine whether there were different numbers of incidents before and
after the intervention was implemented. An effective intervention should reduce the number of
incidents that occur after it is implemented. However, caution in interpreting the data in this analysis
is needed. The occurrence of a ground damage incident, even one caused by lowering the jetbridge
canopy on this aircraft type, is infrequent. It is also impossible to know whether the modified
procedure was followed each time an aircraft of this fleet was parked at a gate. Thus, changes in the
number of incidents may not actually represent an improvement caused by the intervention itself, but
rather be due simply to the infrequency of the occurrence.

Results from the statistical analysis indicate, as expected, that the number of incidents differ significantly by stations.
This represents the differences in fleet usage throughout the airline system with busier stations contributing more
incidents. Examination of ground damage incident patterns at each station indicates that there is no statistically
significant effect on the before/after factor, meaning the intervention has not affected the occurrence of ground damage
incidents.
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Liveware/Liveware Intervention: Jetbridge Training Program

Jetbridge training was provided to CSAs and cleaners in June/July 1996. CSAS are often responsible for positioning
the jetway at th