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CHAPTER 1
PHASE VI OVERVIEW

William Johnson, Ph.D and Prasad Prabhu, Ph.D
Information Division, Galaxy Scientific Corporation

1.1 INTRODUCTION

Secretary Pefia's Safety Summit held in 1995 has resulted in the Department of Transportation's
Aviation Safety Action Plan - "Zero Accidents”. This has brought a new level of awareness and
focus to applying Human Factors approaches to reducing human errors and developing methods and
tools that allow cost savings without compromising safety. The airline industry is showing a great
responsiveness in applying human factors methodologies to the maintenance environment.
Maintenance Resource Management (MRM) or Technician Resource Management (TRM) using
CRM-Human Factors concepts is being viewed favorably by many airlines. Continental Airline's
Crew Coordination Concepts (CCC) program for its maintenance personnel is an example of this
effort. Airlines are trying to control and reduce "Human Error" and are moving away from "blame
the technician™ approach to using structured methods to identify the root cause of the errors. The
Maintenance Error Decision Aid (MEDA) developed by Boeing in cooperation with the Federal
Aviation Administration (FAA) and various airlines is an example of this approach. With human
error being the # 1 cause of aviation incidents, it is evident that applying Human Factors principles to
aviation is the best option for the U.S. Air Transport System to continue to maintain and improve its
impressive record of air safety.

The Office of Aviation Medicine (AAM) has conducted Human Factors-related research in Aviation
Maintenance since 1989. The research ranges from basic scientific experimentation in laboratories to
applied studies in airline working environments. The philosophy of this research program has been
that "good science" must be the basis for "good practice” and the research conducted must have
demonstrable benefits to the Aviation Industry. For this to happen, the end user of the research must
be involved in all stages of the research. As such, the researchers in this program have actively
sought input from airlines and FAA organizations to define, develop and evaluate the research
initiatives.

There has been a strong emphasis on transitioning the research products to the industry. For example
one major air carrier is using maintenance workcards that have been re-designed as part of the
research. The FAA Flight Standards Service (AFS) is currently planning a large scale deployment of
an operational portable computing system called OASIS (On-line Aviation Safety Inspection
System). OASIS was an offshoot of the pen-computing job aid developed as part of this research
program. These and other research products and procedures generated by the research program have
continued to demonstrate the effectiveness of using Human Factors principles in the Aviation
Maintenance.

The research program has so far conducted 10 workshops on Human Factors in Maintenance and
Inspection attended by over 1000 industry participants. In seven years, the research program has
generated over 200 technical reports, journal articles, and presentations at industry meetings. Four
CD-ROMS have been published so far and distributed to over 3000 recipients. A homepage has also
been established on the world wide web of the Internet to disseminate Human Factors Information to
the aviation community.

This report describes the research activities performed during Phase VI of the research program.
Research was conducted in a broad spectrum of areas including application of advanced technologies
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to aviation maintenance, application of CRM concepts in maintenance and inspection, investigation
into automation error and ground damage incidents, investigating human performance issues and
developing job aids, investigating and developing digital documentation techniques for efficient
communication, visual inspection studies, evaluation of Simplified English, and developing
methodology to create "advanced certification” for AMTs. Each of the research activities will be
described briefly in the following sections of this introductory chapter.

1.1.1 Multi-media based Training System for Regulatory Documents

(Chapter 2)

In this phase, the System for Training Aviation Regulations (STAR) progressed from a prototype (in
Phase V) to an application supporting three learning environments. The learning environments are
the Overview, Scenario, and the Resources. STAR is designed to be an instructional companion to
the FAA Part 147 course on Aviation Maintenance Regulations. It uses multi-media technology and
case-based story telling techniques to motivate interest and promote understanding of aviation
regulations. The chapter describes the theoretical basis of STAR, the learning environments, and the
evaluative studies performed to test the validity of this approach.

1.1.2 Computer-based System for Aircraft Maintenance Team Training

(Chapter 3)

Team training attempts to improve teamwork by facilitating better communication, decision-making,
and problem-solving skills in team members. As computer-based technologies get cheaper,
application of these advanced technologies to imparting team training concepts is very desirable.
This chapter describes the development of a computer-based team training software called the
"Aircraft Maintenance Team Training (AMTT)". AMTT has been designed to train AMTSs in basic
team skills. It uses multi-media presentations including full motion videos, animations, pictures, and
audio to explain team training concepts to the student. It also has an "instructors” module that allows
a training instructor to analyze the performance of the student using the pre- and post-training data
collected by the software.

1.1.3 Team Situation Awareness in Aircraft Maintenance

(Chapter 4)

Situation Awareness (SA) had been limited to the study of pilots and air traffic controllers and found
to have a tremendous impact in these areas. However, an enhanced understanding of how
maintenance personnel manage resources and maintain an awareness of all aspects of a given
maintenance task has the potential to reduce and/or mitigate human error in maintenance. The
project studied the situation awareness training requirements of maintenance teams. This chapter
presents a description of the situation awareness requirements for aircraft maintenance teams,
analyzes how SA needs are currently being met in a typical maintenance environment, and
establishes the concepts and requirements for training Team SA in the maintenance domain.

1.1.4 Job Aiding for FAA and Industry
(Chapter 5)

Human-centered job aids help the aviation industry to improve performance without reducing safety.
This chapter describes the three job aids developed as part of this effort, one was a fully operational
system for conducting audits for the Coordinating Agency for Supplier Evaluation (CASE), the
second was a job aid for the FAA Aviation Safety Inspectors to use the Job Task Analyses (JTA)
information, and the third was a prototype system for the Civil Aeromedical Institute (CAMI) to
collect and distribute data on alcohol and drug test results.

1.1.5 Pen-Computer based Non-routine Write-up System

(Chapter 6)

Pen-computer based non-routine cards promise the benefits of less handwriting, standardization of
language, improved readability, better access to maintenance information, automated routing of
information for scheduling repairs, and improved database to support planning and analysis. This
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chapter describes the development of a prototype non-routine write-up system and a pilot study
conducted to test its effectiveness.

1.1.6 Error Reporting System for Maintenance Facilities

(Chapter 7)

Many error reporting systems are in use by different departments in an airline. However, these
systems are rarely used together to analyze the system as a whole. This holistic approach is
important because there could be common causes for errors across the different maintenance areas.
The research effort analyzed five classes of errors from reporting systems for Ground Damage
Incidents (GDI), On the Job Injuries (OJI), and Paperwork Errors. The chapter describes this analysis
and the development of an "Unified Incident Reporting System" for Maintenance.

1.1.7 Electronic Ergonomics Audit System for Maintenance and Inspection

(Chapter 8)

The purpose of this project was to integrate a variety of ergonomic audit tools into a comprehensive
package to cover both maintenance and inspection tasks. Issues such as interface usability, expert
system support for analyses, and provisions for printing and generating reports were considered. The
chapter reports the development of this tool and also describes its capabilities.

1.1.8 Advanced Technology Applications
(Chapter 9)

Advanced technology can help maintenance and inspection (M&lI) technicians as well as the aviation
safety inspectors (ASI's) to achieve the twin goals of safety and productivity. This was demonstrated
by the Performance Enhancement System (PENS) which used pen-computer technology. This
technology was developed and evaluated in Phase V of the research project.. The project described
in this chapter focused on the following areas: (1) Development and evaluation of an improved
display prototype, (2) Evaluation of documentation output options for PENS, and 3) Evaluation of
specific advanced technologies. These areas were selected because they matched the Flight
Standards Service (AFS) requirements for recording and accessing data.

1.1.9 Visual and NDI Inspection Research

(Chapter 10)

The National Aging Aircraft Research Program (NAARP) of the FAA Technical Center has
identified visual inspection and non-destructive inspection (NDI) as two of the specific research
areas. This chapter describes research activities performed at the Aging Aircraft Non-destructive
Inspection Center (AANC). Two studies were performed, one to help conduct and analyze the Visual
Inspection Research Program (VIRP) benchmark study at the AANC and the second was an
enhanced visual inspection evaluation in which a "Maglight™ flashlight was evaluated. The chapter
also reports a summary of a quantitative comparison of recent NDI reliability studies performed by
the FAA and the CAA (UK).

1.1.10 Study on Automation Related Errors in Maintenance and Inspection

Chapter 11

Modern test equipment for maintenance is getting increasingly complex and poses a potential for
novel forms of errors alongside the promised benefits of higher productivity. This chapter reviews
the progress of automation in the maintenance and inspection hangar, provides a method for taking
automation decisions, and presents a simple procedure to help system designers and buyers to
foresee and mitigate automation-related errors.

1.1.11 Field Evaluation of Simplified English (Chapter 12)

The Air Transport Association (ATA) and the Aerospace Industries Association of America (AIAA)
have emphasized the use of "Simplified English (SE)" for technical documentation. Most major
aircraft manufacturers now use SE in their documentation. However, the impact of this restricted
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language on AMTSs had not been directly measured so far. This chapter describes the results of the
study conducted to determine whether SE enhances comprehension of workcards by AMTSs.

1.1.12 Study of Advanced Certification for AMTs (Chapter 13)

The Aviation Rulemaking Advisory Committee (ARAC) Part 65 Working Group has been reviewing
FAR Part 65. This process began in 1989 and is now in the final stages. The committee's final
recommendations have resulted in the draft of a proposed new Part 66 - certification: Aviation
Maintenance Technicians and Aviation Repair Specialists, completed in December 1995. This
chapter describes the second phase of a study undertaken as an extension of the Part 65 review work.
The first phase of the study (Phase V progress report) focused on the need for an industry-directed,
independent system. The second phase study addressed the process for developing certification
standards of aviation maintenance specialists. The chapter reports the key findings and
recommendations for an Aviation Repair Specialists (ARS-I) training, qualification, and certification
process.
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CHAPTER 2
SYSTEM FOR TRAINING AVIATION REGULATIONS
(STAR): DEVELOPMENT AND EVALUATION

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

2.1 INTRODUCTION

The System for Training of Aviation Regulations (STAR) is designed to be an instructional
companion to the FAA Part 147 course on Aviation Maintenance Regulations. The purpose of the
STAR project has been to provide a comprehensive curriculum for acquiring the skills and content
necessary for efficient document research and comprehension of the Federal Aviation Regulations
(FARs). Our goal is to provide a system that a) motivates the student to understand why learning the
FARs is both relevant and necessary, b) develops students' study and cognitive skills in document
research and understanding, and c) makes the content of the FARs more memorable by providing
presentations that are more interesting. Our approach is to incorporate multimedia presentations and
storytelling techniques within several different learning environments. This phase report outlines the
accomplishments made over the past year. It discusses the theoretical approach to STAR, covers
each learning environment included in STAR, and presents the results for two evaluative studies.
The phase report will end with an outline of the future directions for Phase seven.

During 1995 STAR progressed from a prototype with a single scenario to an application supporting
three of the four planned learning environments identified in the design phase of STAR. The three
learning environments that have been developed are the Overview, Scenario and Resources. The
Overview learning environment has a module for instruction of the FAR Parts related to the Part 91
operating regulations. The Scenario Learning Environment now houses three scenarios: the New
Mechanic, Special Inspections and Cartography Job. Together these scenarios cover the curriculum
related to privileges and limitations of aviation maintenance technicians. Many other subjects, such
as proper record keeping procedures and document research techniques are also covered within these
scenarios. The resources learning environment has three modules, a document browser for
referencing the FARs, a glossary and a module indexing informational media included in STAR.
Each of these learning environments and their modules will be discussed in the following sections.

2.2 THEORETICAL APPROACH

Studying FAA regulatory documents is difficult. Instructors are given the arduous task of conveying
the meaning of subtle and seemingly ambiguous material to a student* body who do not always
recognize the importance of what they are learning. Two difficult aspects of learning the regulations
are learning how to navigate through the FARs (and other related documents) and comprehending
the meaning of particular statements within the FARs. FARs are legal documents written precisely to
define the regulations pertaining to aviation. Unfortunately, it is not easy for most people to extract
the intent of each statement from this style of writing. Often, information relevant to a task is
distributed across many parts of the FARSs. It is not always obvious where one needs to look to get a
complete sense of the regulations' intent. Students become so absorbed in interpreting the
ambiguities of the FARs that they often miss the "big picture.” The big picture is the functional
purpose of the FARs and the Aviation Maintenance Technicians' (AMT) role in ensuring compliance
with the regulations.
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2.2.1 Multiple Vantage Points to Complex Information

STAR is designed to help students acquire the big picture. This is accomplished, in part, by
providing many vantage points to the same body of information. Experiencing complex material
repeatedly under different circumstances provides multiple opportunities to gain a deep
understanding of the subject (Spiro & Feltovich, 1991). Each vantage point not only covers different
aspects of the same material, but also reinforces different kinds of study skills. In this way, students
are not only provided with multiple ways of viewing the information, but also with multiple
opportunities to learn. In addition, information conveyed through one learning environment may best
fit one student's style of learning, while the other learning environments fit other people’s learning
styles. Thus, more people benefit when multiple approaches to the subject are taken.

STAR offers several different categories of learning environments: overviews, scenarios, challenges,
and resources (Figure 2.1: The STAR Directory). Each category holds one or more learning modules
for students to explore. Overviews show students how FARs are organized, how different parts are
related to each other, and who is responsible for what aspects of those regulations. Scenarios are
interactive stories that set students into a true-to-life situation where the regulations are often subtle.
Challenges require students to exercise certain skills they must develop in order to efficiently search
the regulations and understand what they find. Resources are comprehension aids such as a glossary.
These aids provide "as needed information" that can be explored in their own right or used in
conjunction with other, more formal learning environments. Each learning environment could be a
stand-alone application. Together they provide multiple vantage points for students to arrive at a
deeper understanding of aviation regulations.

2.2.2 Learning in Context

Part of the difficulty in teaching the FARSs is that students perceive the subject to be very dry. Indeed,
some of the tasks expected of the students can be pretty tedious. However, there are many
opportunities to convey the complexity and subtlety of the information in interesting ways. "War
stories” from AMTSs currently out in the field are one way to make the material more interesting and
meaningful to the student. Stories are well suited for capturing tacit instructional knowledge, because
story telling is a more natural way for people to convey ill-specified practices (Chandler, 1994).

Another way to make the material more meaningful is to immerse the students in situations that
confront them with "real world" decisions related to their jobs. By placing the application of the
FARs in context, students have a much better chance of constructing for themselves a scheme
(Brewer, 1987) for how the FARs operate functionally in aviation. When students are given the
opportunity to learn in context, the concepts are acquired more rapidly, durably and are more easily
transferred to new situations (Brown et al., 1989). Both "story telling™ and "situated learning" place
the information to be learned in contexts that the student can more easily relate to and remember.

2.2.3 Media-Rich Presentations

Media-rich presentations are a third approach to making the subject of the FARs more interesting.
Multimedia has other pedagogical advantages as well. According to Park and Hannafin (1993),
multiple, related representations improve both encoding and retrieval. Learning improves as the
number of complementary stimuli used to represent learning content increases. For example, when
concepts are encoded in both verbal and visual forms, they are retained in memory longer and are
more easily accessed, because the two types of information complement each other in the activation,
representation and development of related information (Park 1994). Thus, complimentary
information presented through multiple types of media is most favorable for conceptual retention.

Figure 2.1 The STAR Directory
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Each of the pedagogical approaches above is incorporated in STAR. Below, a description of how
these approaches have been incorporated in two of the learning environments, the overview and the
scenario, is presented. When appropriate, theoretical and practical issues pertaining to interactive
multimedia design are highlighted.

e (T T

2.3 THE LEARNING ENVIRONMENTS

Though the user has control over their exploration of STAR, there is a logical progression for
moving through the curriculum. Overviews give students the overall structure of the FARs and are
best viewed first. Scenarios anchor (CTGV, 1992) students in real world situations, and Challenges,
when implemented, will be designed to promote the integration of material covered in the other
learning environments. Resources, in the form of a glossary, informational media browser, and
document browser are designed to augment and support the activities in the other learning
environments. The three learning environments developed this past year -- Overview, Scenarios, and
Resources are presented below.

2.3.1 Overviews

Overviews are intended to show students how FARs are organized, how different parts are related to
each other, and who is responsible for what aspects of those regulations. There are several
perspectives for which one can convey this type of information. One approach would be to describe
the chronology of an airplane from its inception, through its manufacture, to its eventual ownership
and maintenance of the craft. At each point in the chronology, parts of the FARs relevant to that
aspect of the aircraft's development are highlighted and discussed. Another approach is to give the
evolution of the development of safety standards for aviation that eventually have been embodied in
the FARs. A third approach, and the one that currently is implemented in STAR, is a work-centered
approach (Figure 2.2: Overview of General Aviation). Students are presented with a visual scheme
for how the FARs that are most relevant to their work are related to one another. Included in this
scheme is a general description of each FAR part, what type of regulation it embodies, and how
these different types of regulations interact with each other.

Figure 2.2 Overview - General Aviation
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The example in Eigure 2.2 shows the FAR Parts relevant to aviation maintenance for general
aviation. In the center is the operating regulation, FAR Part 91. Operating Regulations are central
regulations prescribing the privileges and limitations of aircraft operations. Surrounding Part 91 are
the standard and certificate regulations supporting the operating rules for general aviation. Each FAR
Part, and the relationships between them, is presented in order. As each new piece of the overview is
presented, it flashes to indicate to the student that this is the next relevant concept. Students may
revisit any part of the overview already presented. Thus, students observe the building of the
conceptual graph and then may explore different portions of the graph independent of any order.

2.3.2 Scenarios

Scenarios are essentially interactive stories. In the opening scene of each scenario, students are told
of an unclear situation where several actions are possible (Figure 2.3: Scenario - Cartography Job).
They are asked a question about what they should do, given the situation, and are presented with
several actions that they could take. Each scene is portrayed through a graphic picture or photograph
and the new situation is told either through text and narration. The graphic picture sets the visual
scene and the narration tells the story.

Once a student chooses an answer, a new scene in the scenario is presented. The new scene shows
the consequences of the action chosen and the rationale for why the student should or should not
have made that choice. Students are then asked a new question and presented with new options until
they reach the end of that story line in the scenario. Students may access a map to help them orient
and navigate through the scenario. As a student moves from one scene to the next, the map updates
to reflect the student's progress.

Figure 2.3 Scenario - Cartography Job
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One noted difference between the scenarios in STAR and more traditional ITS is the idea that, in
complex situations, there are no definitively right or wrong answers. Understanding why an action
may be wrong is as important as knowing what is right. To get the most out of each scenario,
students are encouraged to explore all the story lines (or paths). By exploring all the paths, students
acquire a deeper understanding of the situation and of the subtle distinctions they need to make to
comprehend fully the intent of the regulations. In this sense, there is no right answer, only deeper
understanding.

Associated with each individual scene is supporting informational media (Figure 2.4: Informational
media). This supporting media augments students’ understanding of the scene by providing
commentary about the FARs or background to general aviation concepts. Some of that information
can be accessed by clicking on hotspots in the scene itself. Any labeled, colored area on the scene's
(gray scale) picture has information associated with it. Other media can be accessed through a bank
of informational buttons along the left side of the button bar located at the bottom of the screen. The
buttons represent four main categories of information: "very important points (VIP)", "terminology",
"related FAR sections" and "for your information (FY1)". For Your Information may have several
different types of information associated with it: procedural information, document research
strategies, personal experiences, and system information. The informational media is intended to fill-
in students' understanding of the current situation. Students are encouraged to explore the additional
information provided within each scene. Some of the information could influence their subsequent
decision with respect to the question they are about to answer. Other information is provided to
round-out their general knowledge of the subject.

Figure 2.4 Scenario - Informational Media
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Throughout STAR there are many different presentation formats. Our primary presentation format is
audio narration, with complementary text covering the same content, and a graphic picture that "sets
the scene." Students may follow the text while they listen to the narration. This redundancy seems to
be a strong format for reinforcing the content. For system or procedural knowledge, video is
employed. Video lends itself best to situations where the working of component parts can be
pointed-out, and functional relationships elucidated. Video is also utilized to personalize the stories
AMTs have about the FARs.

One presentation format adopted in some of the scenarios is the slide show. When a new scene is
presented, students are told the situation in the scene by a narrator. Visual highlights punctuate
important points in the scene. Pictures, excerpts from the FARs, and colored hotspots appear in
timed coordination with the narration. Visual enhancements have varying levels of success
depending on the complexity of the visual stimulus. Highlighting important aspects of the
commentary graphically seems to work well, particularly if it is pointing out additional information
students can access. Presenting the FAR text tends to cause interference with further comprehension
of the narration. This is because the two modes of perception, text and audio, compete with each
other for cognitive resources (Park & Hannafin, 1993). Unless the text is redundant with the audio
content, it should be minimized to bullet points that can be recognized instantly.

When presenting information through interactive story format, it is sometimes a challenge to ensure
that the most salient information is what is accessed by the student. In the scenario, for instance, the
most salient information is conveyed through the opening narration of each scene. For the supporting
media, however, not all relevant information can be portrayed graphically and not all information
can be integrated easily in a single graphic depiction. When this is the case, the informational buttons
mentioned above are available to hold the media that cannot be placed easily directly in the scene's
picture. There is an implicit assumption, however, that the more significant information is the
information imbedded in the graphic. Given this assumption, it is important that the graphic is
designed to depict the most significant information as well as support the themes in the scenario.
Since one medium is being utilized for dual functionality, there is an implicit tension in
accomplishing both these goals. For STAR, the scenario graphics have been designed to support
scenario themes and, only where feasible, incorporate depictions of the supporting media.

2.3.3 Resources

Resources are comprehension aids such as a glossary. These aids provide as needed information that
can be explored in its own right or used in conjunction with other, more formal learning

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



NextPage LivePublish Page 7 of 30

environments. There are three modules in the resource learning environment. The glossary defines
and exemplifies commonly found terms in the FARs. All the Part 1 terms are included as well as
terms commonly used in aviation maintenance. Informational Media are multimedia presentations
designed to supplement the STAR learning environments with related concepts and commentary
about the FARSs and aviation. The document browser is designed to provide searching and viewing
documents in their entirety. It has full-text searching capabilities both within and among documents.

2.3.4 The Glossary

Commonly used terms found in the FARs that may or may not be covered in FAR Part 1.1 are listed
in the glossary (Figure 2.5). When a term is selected, two types of text appear. In one text box are
excepts from the FARs showing the use of the term in the context of the FARs. In the other text box
the term is defined according to how it is commonly used in the working world of aviation. When
multimedia is appropriate for enhancing the meaning of the term, a multimedia button appears.
Usually the media consist of a graphic that, for instance, depicts what a form looks like. This
combination of vantage points provides a rich context for understanding the meaning of a term.

2.3.5 Informational Media Browser

Several instructors have expressed a need for presentation aids that would help them convey the
important conceptual themes to their classes. To speak to this need, the Informational Media module
has been included as one of STAR's resources. In all there are 51 informational media presentations
available to students and instructors. Each informational title has been designed to be a stand alone
presentation that can be employed as a multimedia aid to enhance class presentations and
discussions.

Figure 2.5 shows several different ways through which one can browse this information. By clicking
on "Organize by FAR Part," users can look for informational pieces based on what FAR(s) these
informational media pieces are about. By clicking on "Organize by Information Type," they can
browse the informational pieces by their information type. There are nine information types --
certification, difference, example, procedure, responsibility, story, strategy, system, and terminology.
By selecting one of these groups, titles covering that type of information is listed. To view all the
titles together, titles can be listed alphabetically. Video titles also can be listed separately.

Figure 2.5 The Glossary
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Figure 2.6 Informational Media Browser

= Imformational Mcdia ﬂ =

Legal Eequirernents Organize by

Lagal Taquiemerds daszases the g ocazes [ - . e
ofknowing the cpetetisz reguledicns sz well | L L L * 2R 2l
s rezulations ol peicienonze issuss. 0 I pa Tope O itk - o

Sebcl reol he Advaialie Fa Pal ol czancaled 00
oia

P=r:1

[=r: &
Pzr: 23
F- 43
Hzr: kb

schboct e ot the avarabc [4bo b eda ben Llroozs Laarch

Drebzrri Arcealt Ope-aciz-
IFFi

IFR I e "he &

IFH 2 VEH

Irzpect onz Due ?
Il!-!&-!l LaLhen
[+]

P=r:s fpzrzecal - Stong

IHTin=r Sr =i

2.3.6 Document Browser

In the Phase V report the document browser had been promoted as the central unit around which all
the other instructional units were connected. Early in the design phase it became apparent that using
the document browser as the central organization for instruction would not be the optimal solution
for STAR. The main reason was the eventual decision to move away from the Galaxy version of the
Hypermedia Information System (HIS) and no longer to support the updating of the FAR publication
in house. In an earlier version of STAR the Galaxy HIS document browser was used as the retrieval
engine behind an interface written in Visual Basic. This afforded consistent interface design

throughout the application and allowed for easy access to relevant informational media associated
with the FARs.

The disadvantage to this initial approach was that the combination of the Visual Basic interface with
Galaxy's HIS made the browser so slow that the subjects in the first evaluation thought the module
was broken. More flexibility in organizing the informational media was possible by decoupling
informational media from the browser. Finally, the decision no longer to support updates of the
FARs (because other venders were in a better position to support such work) solidified the decision
to de-emphasize the document browser as the organizing theme for the other instructional units.

Since these decisions, the Galaxy 's HIS has been converted to the Folio format (Figure 2.7). The
Folio version of HIS is launched when the user requests to see the document browser from HIS.
When the user is finished he closes Folio and is returned to STAR. This is the most effective way for
providing a quick and efficient document browser through STAR. The one drawback to this
approach is that the interface for Folio HIS is different from the STAR interface. This can be a point
of confusion for users.

Figure 2.7 Document Browser

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



NextPage LivePublish Page 9 of 30

Folio Bound ¥IEWWE  [Hypcrmedia Information Systcm]
=( File Edit Wiew Search Layout Customize Window Help

= A EAFAE TN KK

- =3
Mnen Cantents || Racctrack Trazil Clear Roe Hir= et Preuinns

Ak | HAF

Hyaermecia [vfommalion System

[ 11

Hypermedia Information System

QUICK HELP REFERENCE

The HIS contains hyperbnk: which cen be used to jurop to other portions of the docaument. Al
bypethirks are displayed i ZED text. Double click the hypetlink to display the related
infottmatior. To retumn to the hypethine, dicl the Backirasi sutton on the Toolbar of press B3

A Bl Table of Contents and Search engiie are avalakble for locsting specific nformation. To

T S . .
| Mecord: 170416 | | it 040 | Cluaepy:

2.4 THE EVALUATIVE STUDIES

STAR has been subject to three in-house critiques and two evaluations by end users in the field. Both
evaluations are considered formative, since STAR is a long term and evolving project. The first
evaluation was conducted in July, ten months into the projects start, and focused on usability issues
such as navigation, screen design and perceived conceptual understanding. At that time STAR
consisted of an overview of FARs related to Part 91 General Operating Rules as they pertained to the
work of the AMT, one scenario about special inspections, a document browser and a listing of the
informational media titles.

Evaluation 2 was conducted four months later in November. At the time of the second evaluation
most of the suggested design changes had been incorporated into STAR and several modules had
been added. A new scenario, New Technician, addressing privileges and limitations of new AMT's,
was added as well as the Glossary. The new browser had not been ported completely to Folio at the
time of the second evaluation, consequently a Document Browser was missing from the STAR for
the second evaluation. Evaluation 2 also covered usability issues because the subjects filled in the
same assessment questionnaire that was administered to the first evaluation. The second evaluation,
however, was concerned with identifying what kind of learning would occur from the STAR
experience. Sections 2.4.1 and 2.4.2 gives an in-depth description of the two studies.

2.4.1 Evaluation 1: System Understandability
The intent of the first evaluation was a formative study to determine system understandability that
included content accuracy, information presentation and ease of use (Maddox & Johnson 1986). The

research team was also interested in what aspect of the program worked well, what needed to be
changed, and where additional instructional help would be needed.

Subjects and Method
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Nine students from a Part 147 School of Aviation Maintenance participated in the first evaluation.
Five 486 Multimedia equipped PCs complete with CD-ROM players and earphones for audio were
provided by Galaxy over a three-day period. The nine students were divided into two groups and
rotated through the lab. Each student worked on the same machine each day. Without any
introductory instruction on how to use the program, the students were given three one-hour sessions
to use STAR. Researchers were available to answer any questions that might arise. This approach
was taken to see how intuitive the interface was to the individuals. Points of confusion were noted by
the researchers. Based on the type of questions asked and points of confusion encountered by the
subjects, the program would be altered and instructional aids developed to address those points of
confusion.

At the start of the browse period students were given a questionnaire about their computer
experience and when they last took the Federal Aviation Regulations and Document Research class.
At the end of the exposure to STAR they were given a three-page questionnaire that included nine
dimensions for evaluating important features of interactive multimedia. Notes were taken during
each session and a discussion of the program completed the treatment part of the study.

In a more casual setting five instructors spent an hour and a half the second afternoon of the three-
day session. Researchers were informed of their computer background and the instructors were asked
to fill out the same questionnaire the students had been provided. Four out of the five instructors
turned in their questionnaire and several instructors stayed afterward to discuss the program.

The subjects who participated in the second evaluation also filled out the system understandability
questionnaire. Some of the discussion of the results of these questionnaires will be covered with in
the discussion of the second evaluation where the three groups can be compared.

Theoretical Foundations and Instrument Design

The approach to both evaluative studies has been influenced by the theoretical foundations of Dr.
Thomas Reeves, at the University of Georgia, for evaluating interactive educational multimedia.
Reeves defines evaluation as the process of providing information to enlighten decision-making that
will improve the quality of learning (Reeves, 1991). Every new science, according to Reeves, passes
through a series of stages that might be described as description, prediction, control and explanation.
Instructional technology, as a science, suffers from a lack of fundamental work at the descriptive
level (Reeves, 1991). Educational research has been in too big a hurry to do comparative studies
before the nature of treatment introduced is fully understood. Because of the inherent complexity of
the educational process, it is important to conduct descriptive and case-oriented studies to preserve
the inherent complexity of the educational process. The descriptive approach will allow the design
process to evolve to progressively more effective instructional treatments. This is not to say
measurements should not be made, only that measurements should be made to indicate strengths and
weaknesses in the program, not for the sole purpose of proving or disproving interactive multimedia
as good or bad when compared to traditional pedagogy.

Evaluation 1's assessment questionnaire was developed based on dimensions covering interactive
learning systems, outlined in Table 2.1. These were developed by Reeves' research team at the
Department of Instructional Technology at University of Georgia. These ten dimensions are
designed to provide a basis for understanding, communicating, and evaluating important features of
interactive multimedia (IMM) (Reeves 1993).

The evaluation questionnaire (see Appendix 2.A) was divided into three sections -- program
operation, screen design, and content. Each section has three dimensions, shown in Table 2.2, based
on a scale of ten, one is designated as least favorable and ten is designated as most favorable
perception of that dimension. Each dimension is followed by two or three short answer questions.
These questions were designed to elicit specific instances of the subjects' thinking that would
exemplify why they scored a particular dimension one direction over another. For example, for the
dimension information relevance, the two follow-up questions, "Did you find any information that
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was particularly relevant or interesting to you?" and "Did you find any information not relevant or
uninteresting?", were designed to elicit more specific responses to the general question "Did you find
the information in STAR relevant to learning about the FARs?".

Table 2.1 Ten Dimensions for Evaluating Important Features of Interactive
Multimedia (IMM)

From Tom Reeves' Systematic Evaluation Procedures for Instructional
Hypermedia/multimedia (1993).

1. Ease of Use is the perceived facility with which a learner interacts with an IMM program.

2. Navigation is concerned with the perceived ability to move through the contents of an IMM
program in an intentional manner.

3. Screen design is the degree that the program adheres to general principles of screen design

4. Media integration is how well an IMM program combines the different media to produce an
effective whole.

5. Aesthetics refers to the artistic aspects of IMM programs.

6. Cognitive load. IMM requires different mental efforts than performing learning tasks via print or
other nonprint media. In order to make a meaningful response to IMM, learners must cope with
and integrate at lest three cognitive loads or demands, i.e.,

(a) the content of the program,
(b) its structure, and
(c) the response options available.

7. Mapping refers to the program's ability to track and graphically represents to the user his or her
path through the program

8. Knowledge space compatibility is the network of concepts and relationships that compose the

mental schema a user possesses about a given phenomenon or topic.
9. Information presentation is whether the information contained in the knowledge space of an
IMM program is presented in an understandable form.

10. Functionality is the perceived utility of the program.

Table 2.2 System Understandability Dimensions on
Questionnaire

1. Program Operation

Ease of Use
Difficult < + > Easy
1 2 3 4 5 6 7 8 9 10
Intuitiveness
Confusing < + > Intuitive
1 2 3 4 5 6 7 8 9 10
Navigation
Difficult < + > Easy
1 2 3 4 5 6 7 8 9 10
11. Screen Design
Display
Dislike + > Like
1 2 3 4 5 6 7 8 9 10
Media Integration
Uncoordinated < + > Coordinated
1 2 3 4 5 6 7 8 9 10
Aesthetics
Displeasing < + > Pleasing
1 2 3 4 5 6 7 8 9 10
I11. Content
Conceptual (easy to understand)
Difficult < + > Easy

1 2 3 4 5 6 7 8 9 10
Information Relevance

Not Relevant < + > Relevant
1 2 3 4 5 6 7 8 9 10
Learning
Not Much < + > A Lot

1 2 3 4 5 6 7 8 9 10

Results

Subject Background
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Eight of the nine students in the study had had the document research course one quarter ago. One
student had not taken the course. As shown in Table 2.3, students have had more exposure to
computers than instructors. Students consistently scored the program higher than the instructors
when looking at the scores for the nine system understandability measures. Students tended to give
scores in the 8.5 range whereas instructors tended to give scores in the 6.0 range.

Table 2.3 Computer Experience

Never Seldom  Frequently All the Time
(or maybe (once ortwice (once a week) (two or three
once) amonth) times a week)

Evaluation 1 Subjects 2 7

(N=9)
Instructors 4 1
(N=59)

System Understandability Dimensions

When looking at the individual dimensions, the students scored the three dimensions of the program
operation -- ease of use, intuitiveness and navigation -- in 8 range, while instructors scored program
operation in the 5 range (Figure 2.8). Both groups scored screen design higher, the students in the 8
to 9 range, the instructors in the 6 to 7 range. Content got a more varied response. Students scored
"how easy the information was to understand” and the relevance of the information in the 9's and
10's. Instructors gave conceptual understand their highest rating in the 8's but information relevance
only averaged 6.25. When asked how much they felt they learned. Student's gave STAR an average
score in the 7's. Instructors gave their lowest average score of 4.5. Students and instructors'
comments about how they perceive STAR as an instructional tool, as well as the observations by the
researchers of the two groups will be presented in the discussion section.

Short Answer Questions

Table 2.4 shows the students' and instructors' responses to specific questions about ease of
navigation and their use of the help file. Unfortunately the instructors tended to skip some of these
questions, but the general trends are clear. Every one felt that the directions were sufficient to get
them started. However, all the instructors and half the student's became disoriented at some point in
the program. Students tended not to access the help file and in general felt that the directory,
overview and scenarios were easy to navigate. Two few of the instructors answered these questions
to detect a trend. Further discussion of the subjects' comments, drawn from the short answer
questions, will occur during the analysis of the second evaluation where a comparison between the
two student groups can be made.

Discussion

Students had a more positive attitude toward and experience with STAR than their instructors. Their
level of comfort was evident from the fact that the subjects did not hesitate to explore the STAR
environment and needed little help to find their way around. They were familiar with the general
principles of using a mouse and were comfortable with navigating through the Windows
environment.

Even when confused or when the system faltered students were resilient. They simple raised their
hands for help and then got back to work. The instructors were much less comfortable with the
computers and as a result they had a less favorable experience with STAR. Many of the instructors
lacked the basic skill set that would have enabled them to feel comfortable browsing through the
application. They experienced more disorientation and were less resilient to unexpected changes to
the program.
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Figure 2.8 System Understandability Dimensions

Table 2.4 Questions about Navigation and Help*

Questions Eval 1 Instructors

YES NO YES NO

Directions sufficient? 9 4

Access Help? 3 6 2 1

Help Helpful? 3 2

Get to module from Directory 9 1 1

easily?

Overview easy navigate? 6 1 1

Scenario easy navigate? 8 1

Ever feel lost / disoriented? 5 4 4

What makes this situation serious is the fact that the instructors are the gatekeepers to what is
introduced into the system. With computer technology being quickly integrated into all aspects of
our working and leisure life and computer based training increasingly becoming a component of
education, particularly in the work place, it is important that instructors are not left behind.

Several changes have been implemented in STAR as a result of comments and observations during
the first evaluation. These are listed in Table 2.5 and a discussion of each follows.

Table 2.5 Changes to STAR

Refinement of Scenario Map design

Redesign of the Document Browser

More explicit introductory information

Refinement Overview navigation

Added content covering more fundamental

concepts about understanding the intent of the FARS

arwppE
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1. No one seemed to interpret the Scenario map correctly without explicit instruction. Even though
the written instructions said to "click on the scene label to go to that scene", only one person
interpreted that instruction correctly. Most subjects clicked on the instruction itself and when
nothing happened they closed the map in confusion. Obviously more explicit instruction was needed.

2. The document browser was so slow during the first evaluation that people thought it was
broken. This prompted Galaxy to move the Hypermedia Information System to Folio-based
technology. It also persuaded the STAR team to move away from writing a separate interface (in
Visual Basic). As mentioned before the trade-off here is having a consistent interface versus having
an efficient one.

3. It became apparent from subjects initial disorientation that more explicit introductory
information particularly at the directory level was need in addition to the help file. Though the
questionnaire (see Table 2.4) did not bear this out, it was evident to the researchers through
observation that the Help file was not helpful. The primary reason has to do with who sought help.
Those seeking help tended to be subjects who have had little or no previous computer experience.
They were looking for "how to use the mouse" or "what is a button?" types of information. The
STAR help file does not supply that kind of information. To compound the issue, the help file uses
the standard Windows help application, an interface with which beginners are not familiar.
Beginners had to learn the help interface in order to get help. Those familiar with basic computer
browsing techniques did not feel the need for help. In this sense the researchers concluded that Help
was no Help. A more complete introduction that users can refer back to, consistent with the STAR
interface, was developed to address this issue.

4. From comments and observations there seemed to be general confusion between the different
instructional levels of the Overview. For instance, subjects sometimes assumed that the button label
"End Introduction™ meant ending the overview when it actually meant ending the introduction to the
overview. The overview was still to come. Simple changes of this nature to the interface have
rendered the overview more understandable.

5. Some of the instructors curricular concerns have been addressed, in the sense that, more
scenarios have been developed that cover basic understanding of privileges and limitations for
AMTs. The Glossary also addresses some of these basic concepts. The Glossary not only defines a
term, but more importantly, shows the relationship between how the term is used in the work place
versus how it is used in within the FARs.

Instructors had some legitimate concerns about the content of STAR. One of the main activities in a
typical class is reading passages from the FARs and then discussing the intent of the regulation
contained in the passage. Some of the instructors expected drill and practice of activities such as this.
While this is a reasonable request and certainly could be done, the researchers decided not to replace
activities that are already done well and regularly in the classroom setting. Instead, STAR addressed
other difficult concepts that instructors had identified as troublesome. The main one the STAR
project addressed is conveying the "big picture” to the students. STAR gives students a perspective
for why the FARs are important for them to understand and follow. STAR's curriculum addresses
guestions along the lines of "What is the relationship of the FARs to the AMT's work?", "What are
the relationships of the FAR parts to one another?"”, "What function does each Part of the regulations
have?" "What are the privileges and limitations AMT's have in a given situation?", "What are the
AMT's responsibility to following those regulations?”, and "What are the AMT's responsibilities
with respect to informing the customer about those regulations?".

That being said, there is a vehicle within STAR in which curricular concerns raised by the instructors
could be addressed directly. This would be the design and implementation of the Challenges learning
environment. Originally the primary purpose of the Challenges learning environment has been to
promote the integration of material covered in the other learning environments, with the students'
own understanding of the domain. Understanding the intent of specific passages in the FARs through
drill and practice exercises certainly could be included as one of STAR's self-testing activities.
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2.4.2 Evaluation Il

Subjects and Method

The second evaluation sought to discern not only whether or not learning occurred but what kind of
learning occurred. The sample was composed of two classes of five students from a Part 147 school
who were currently tasking the documents research class. The morning class was composed of what
is thought of as a typical class: full-time students ranging in age between 18 and 25 years. The
evening class was composed of a varied student body. They ranged in age from their early 20's into
their 70's. These students were night students holding down a day job. Since the sample size was
small (ten students), and the two classes so varied in composition, a comparative study between a
treatment and a control group was not made. All ten students worked with the computer application.
Pre- and post tests were taken before and after the treatment and comparisons were made between
each student's gain or loss for his overall scores and for scores within each test segment.

The study was conducted over a one week period. Each student was provided with a 486 multimedia
PC with CD-ROM capability and ear phones. All STAR media was run from the CD-ROM. The
morning class took their pretest on Monday. On Tuesday they were instructed to browse the
application until they felt they had covered the material. They were provided with a maximum of
three one-hour periods before taking the post test. Most of the morning students felt they were ready
after a little over two contact hours with STAR; taking the post test on the fourth day of the five-day
sequence. The evening class held one and a half hour classes Tuesday through Thursday. This group
was given an hour to complete the pretest on the previous Thursday. They were then provided with a
total of two one and a half hour sessions to explore STAR. On the following Thursday evening they
were given a one hour post test. The evening group averaged 2.5 hours for the total time spent on
STAR.

One potential compounding factor that might have influenced the scores of the morning group is the
"lunch” factor. It became evident shortly after administering the post test that some of the students in
the morning group were rushing through the test. The conjecture is that they were more interested in
getting out early for lunch then applying themselves to a test that did not affect their grade. This
attitude may have affected their performance on areas of the test where thoughtful answers were
demanded. Areas of the test that may have been affected will be pointed out in the results section.
This was not a factor for the evening group.

On the second day of their exposure to STAR the ten subjects also filled out the same questionnaire
that was administered to subjects in the first evaluation. Since STAR had been enhanced based on
the feed back from the first evaluation subjects, the research team expected to see improvements in
perceived system understandability by the second evaluation group. The results of their
guestionnaires are presented alongside the results of the first evaluation for comparison.

The Instruments

Both the pretest (Appendix 2.B) and the post test (Appendix 2.C) were composed of five sections.
The first three sections were short answer covering material in the Overview, The New Technicians
Scenario (scenario 1), and the Special Inspections Scenario (scenario 2). Section four was composed
of standardized multiple choice questions found in typical tests for AMT certification. The questions
were similar in content to the content covered in STAR. The last section was a series of true/false
questions covering Privileges and Limitations of AMT's. Privileges and limitations are one of the
overriding themes in the STAR curriculum. The total points for each of the tests were based on a
scale of 110. In addition, one "bonus™ question was imbedded in each of the three sections,
Overview, Scenario 1, and Scenario 2. These three questions demanded much more detailed
information about the FARs than generally expected of students. They were placed in the post test to
discern the level of detail that students were retaining information. These questions were dealt with
separately from the rest of the test since students were not expected to get these right.
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Usually the tests these students are accustom to taking are either true/false, fill in the blank, or
multiple choice. The testing skills required by these types of questions are primarily recognition. In
contrast three-fifths of the test items for the pre- and post tests are short answer. Short answer
questions require recall as well as integration of concepts. Consequently these tests are more difficult
than what the students would normally experience in their class or on the certification test. We chose
this format because we wanted to see the level at which students had integrated the concepts from
STAR into their own words. When students can articulate correctly a concept in their own words
then that concept is well integrated into their mental maps. The research team wanted to analyze that
level of integration.

Results and Discussion

System Understandability Questionnaire

The Tables 2.6, 2.7 and Figure 2.9 show computer experience, perceptions about navigation and help
and system understandability for both the Evaluation 1 and Evaluation 2 subjects. Students in both
evaluations reported having at least some computer experience. As expected subjects of the second
evaluation benefited from the changes made to STAR as a result of feedback from the subjects in the
first evaluation. The subjects of the second evaluation had less trouble navigating through the
system, fewer subjects felt the need to open help, and very few experienced disorientation. These
improvements were reflected in the subjects of Evaluation 2's ratings of the program. Evaluation 2
students rated eight of the nine dimensions higher than Evaluation 1 giving an average rating of nine
to most of the dimensions while the average ratings were in the eight range for the students of the
first evaluation. Higher ratings were noticeably higher for dimensions related to program operations
(i.e., ease of use, navigation and intuitiveness) as well as perceived learning.

Table 2.6 Computer Experience

Never Seldom  Frequently All the Time

(once or twice  (once aweek) (two or three
a month) times a week)

Evaluation 1 2 7

Subjects

(N=9)

Evaluation2 1 5 2 2

Subjects

(N =10)

Instructors 4 1

(N=5)

Table 2.7 Questions about Navigation and Help*

Questions Eval 1 Eval 2 Instructors
YES NO YES NO YES NO
Directions sufficient? 9 10 4

AccessHelp? 3 6 2 8 2 1
Help Helpful? 3 1 1 2

Get to module from Directory 9 9 1 1 1
easily?

Overview easy navigate? 6 1 10 1
Scenario easy navigate? 8 10 1

Ever feel lost / disoriented? 5 4 2 8 4

Figure 2.9 Evaluation 1 & 2: System Understandability Dimensions
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Based on their written comments, the students found the navigation of STAR a little confusing at
first but easy to figure out. The second group did not feel they had trouble navigating STAR. Several
thought that navigating the scenario was easier than the overview, which was a surprise to the
researchers since they thought the opposite would be the case.

Both groups generally liked the displays though many did not like the videos. The videos were too
small and not of a high enough quality to see what was going on. Comments about the video quality
unfortunately reflect industry wide limitations rather than design or implementation issues related to
STAR. Until full screen computer video is reliable and wide spread across the customer base
developers will continue to receive complaints about this technology.

Two subjects mentioned they liked the photos better than the graphics while other subjects cited
specific graphic displays they particularly liked. These responses are important from a cost
perspective. As long as the subjects of the photos are volunteers, photographs are the least expensive
medium for media enhancement. The main advantage of using graphics over photos is the flexibility
in depicting the themes in the scenarios and concepts in the informational media.

Conceptually the subjects thought the concepts were explained well. There seemed to be an even
distribution between those who particularly valued the Overview and those who valued the scenarios
as most relevant. When subjects identified aspects of STAR they found particularly interesting or
informative, they usually cited one of the informational media titles. Several cited the stories as most
interesting; a couple of subjects sighted the glossary as being particularly useful to understanding the
FARs. Except for the document browser (which was not available to the subjects in Evaluation 2),
every learning module in STAR was cited by more than one person as being informative or useful to
them.

Conceptual Understanding Results

Figure 2.10 shows the overall test scores for both groups. The subjects in the morning class are S1 to
S5 and the subjects for the evening class are S6 to S10. Most students showed improvement from the
pretest to the post test, though the evening group shows a more substantial gain than the morning
group. When viewing the average test scores between sections (see Table 2.8), both groups showed
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substantial gains for the sections about the first and second scenarios and a moderate gain in the
section on privileges and limitations. The evening group showed dramatic gains in the Overview
section, but the morning class did not do well on the post test. As a group, their scores were below
their performance in the pretest. The performance for the two groups on the standardized questions
remained about the same. Two individuals in the evening group did not do well on this section,
which dropped the group's average post test score below their pretest. The other four in the evening
group did as well or slightly better on this section.

Figure 2.10 Total Scores for Pre & Post Tests

Table 2.8 Pre and Post Test Scores for Each Subsection

Classes Pre Post Pre Post Pre Post Pre Post Pre Post
Overview Overview Scenariol Scenariol Scenario2 Scenario 2 Standard Standard Priv/Lim  Priv/Lim

Morning 184 156 12 156 15 20 114 126 9.8 122
Evening 124 24 9 164 116 186 126 108 11 126
Both 154 20 106 16 133 193 12. 117 104 124

When analyzing individual test scores, four of the ten students showed a gain of 20 or more points
between pre- and post test (Table 2.9). Three students showed a gain of ten or more points and two
students showed gains of less than ten points. Greatest gains were seen among subjects who had
scored less than 70 points on the pretest. In a two cases more than 30 points were gained from one
test to the next. Gains were less dramatic for those scoring over 70 points on the pretest, either
showing a gain of about ten points or in a couple of cases showing no gain between tests.

Table 2.9 Individual Gains or Losses Between Pre and Post Test
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MName Fre Total |Post Total [Difference
S9 47 23 26
S8 21 65 24
6 62 88 26
sS2 66 26 20
54 68 21 13
S10 7 29 12
S5 43 53 10
ST 81 89 8
S3 71 T4 3
S1 85 86 1

Conceptual Understanding Discussion

Even though this is a tiny sample and there are some compounding factors obscuring the results of
the test data performance trends are positive. STAR seems to be most beneficial to students who
initially showed little understanding of how the FARs are applied to the daily operations of an AMT.
Two of the subjects who benefited the most from the STAR experience were students whose primary
language was not English. This may indicate that STAR could be beneficial for foreign students. The
pervasive use of audio narration complementing the text may have given the added scaffolding
foreign students needed to boost their comprehension level. This is an area where further studies
would be informative.

There also seems to be evidence of a ceiling effect. Those who scored reasonably well on the pretests
did not experience the dramatic gains experienced by those who struggled with the pretest. This
seems to indicate that STAR is particularly well suited for curriculum review or remedial work,
particularly for students who have not as yet comprehended the "big picture.” The disturbing
difference between performance between the morning and evening group is attributed in part to the
"lunch factor" mentioned earlier. The morning group did particularly poorly on the Overview section
which required the most thoughtful answers to the test and happened to be the first section on the
tests. Other sections could be answered more quickly and the morning group showed better
performance in these sections.

There are trade-offs between an open exploratory approach such as that incorporated in STAR with a
more lock step training program. In an open approach there is less control over the specifics of what
is learned. Each individual will incorporate different details of the program into their conceptual
map. If the goal, however, is to provide the students with mechanisms for acquiring a global
understanding for how and why the FARs are part of their daily operations then particular details
themselves are less important as long as what details are internalized are internalized within a sound
conceptual scheme. The Challenge learning environment would add more structure to the existing
exploratory framework by providing students with a self testing mechanism for what they are
learning and would help to focus students on the more salient concepts that need to be taught. With
the addition of the Challenge learning environment STAR would become a more interactive and less
purely didactic system for the students to explore.

2.5 FUTURE DIRECTIONS FOR STAR, PHASE 7

Starting in Phase VII the STAR approach will be applied to a new target population in the aviation
community. We are exploring the feasibility of using the star format to train Aviation Safety
Inspectors (ASIs). This R&D effort may provide ideas for full scale implementation by FAA
trainers, and may provide information how well the STAR approach can be reconfigured to speak to
the training needs of a different group within the training community. STAR was originally designed
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for students in a Part 147 school. The research challenge for this Phase Seven will be to integrate
training within the daily operations of a working environment. What components of STAR will best
serve the training needs of this group? How will as needed training be seamlessly incorporated into
the daily operations of the work so that training becomes part of and not an addition to the work
routine? These questions will be the central focus for the STAR project during Phase Seven.
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2.7 APPENDICES

2.7.1 Appendix A: Evaluation 1 Questionnaire

Questions About the Program Initials

This questionnaire is intended to give the designers of STAR information about how well the
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program performed for you. There are two types of questions to be answered short answer and
dimensional scale. For each section the dimensional scale questions come first followed by the short
answer questions. For the dementia scale questions you are asked to rate the program on a scale of 1

to 10 by circling the number that comes closest to your rating.
I. Program Operation

1. Ease of Use

1a. Please circle the number on the dimensional scale below that indicates how easy you found STAR to use.

Difficult < + > Easy
1 2 3 4 5 6 7 8 9 10

2. Intuitiveness

2a. How intuitive is the interface?

Confusing < + > Intuitive

1 2 3 4 5 6 7 8 9 10

2b. Were the directions sufficient to get you started?

2c. Did you access help? Once inside help could you find the information you needed?

3. Navigation

3a. How easy was it to navigate through STAR?

Difficult < + > Easy
1 2 3 4 5 6 7 8 9 10

3b. Could you easily get to the module you wanted from the directory?

3c. Did you find the scenario easy to navigate? How about the Overview?

3d. Did you ever feel lost or disoriented? If so when and where?
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I1. Screen Design

4. Display

4a. How did you like the STAR displays?

Dislike < + > Like

1 2 3 4 5 6 7 8 9 10

4b. Were there any displays you particularly liked? Disliked? Why?

5. Media Integration

5a. How well was the media integrated?

Uncoordinated < + > Coordinated

1 2 3 4 5 6 7 8 9 10

6. Aesthetics

6a. Did you find the interface design aesthetically pleasing?

Displeasing < + > Pleasing

1 2 3 4 5 6 7 8 9 10

I11. Content

7. Conceptual

7a. How easily could you understand the information presented to you?

Difficult < + > Easy
1 2 3 4 5 6 7 8 9 10

7b. Was there any information that you could not understand?

7c. Was there any thing that was explained particularly well?
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8. Information Relevance

8a. Did you find the information in STAR relevant to learning about the FARs?

Not Relevant < + > Relevant

1 2 3 4 5 6 7 8 9 10

8b. Did you find any information that was particularly relevant or interesting to you?

8c. Did you find any information that was not relevant or uninteresting?

9. Learning

9a. How much do you feel you learned from using STAR?

Not Much < + > A Lot
1 2 3 4 5 6 7 8 9 10

2.7.2 Appendix B: Evaluation 2 PreTest

Pretest: System for Training in Aviation Regulations (STAR) Initials

Short Answer

1. What is a Federal Aviation Regulation?

2. What is the function of the Operating Regulations? Give an example of an Operating Regulation.

3. What do airworthiness standards communicate to the manufacturer?

4. What types of logs need to be kept for an aircraft?

5. What are the five components to complete a maintenance log entry?

6. Describe the relationship between Part 91, Part 43 and Part 65.

Scenario 1

You are a student in an F.A.A. approved part 147 school. You have just completed your airframe
rating and have your temporary certificate. During your last airframe class you met another student,
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Bill Johnson, who already has a power-plant rating obtained through experience. Bill advised you
that his family owns an I.F.R. equipped Cessna 172 and you will be welcome to come for a ride
some time. Today he and his father approached you with the following proposal. The Cessna is due
a one hundred hour inspection because Mr. Johnson occasionally operates for hire. They propose that
you team with Bill to conduct and approve the one hundred hour inspection. Mr. Johnson warns you
that he has flown 4.5 hours since the inspection was due.

Based on this scenario answer the following questions. Justify your answers with references to
the appropriate FARS.

1. If you have a temporary certificate for the airframe rating can you conduct a 100 hour inspection?

2. Can you inspect an aircraft that is past its due date for an inspection?

3. How could you determine if Bill is an acceptable technician to perform and approve the
powerplant portion of the inspection?

4. How long can a technician go without performing an inspection before they loose their currency?

5. What is the policy for sharing inspection duties?

Scenario 2

You are a technician with both A and P ratings. During a 100 hr inspection on an IFR
equipped C-172, you notice that the altimeter and transponder have not been tested and
inspected in the last 24 months. When you inform the owner that these tests and
inspections are due, he asks: if these tests and inspections are due, why didn't you do
them as part of the 100 hour inspection?

Based on this scenario answer the following questions. Justify your answers with references to
the appropriate FARS.

1. What is the difference between IFR & VFR?

2. What is the difference between a test vs an inspection?

3. How would you know these inspections are due?
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4. How do you respond to the question posed to you by the owner?

5. Of the test and inspections required for IFR flight operations what tests and inspections can
the A&P perform?

Multiple Choice: Circle the letter that best answers each question posed below.

1. After a mechanic holding an airframe and powerplant rating completes a 100-hour inspection,
what action is required before the aircraft is returned to service?

A - Make the proper entries in the aircraft's maintenance record.
B - Complete an operational check of all systems.

C - A mechanic with an inspection authorization must approve the inspection.

2. During an annual inspection, if a defect is found which makes the aircraft unairworthy, the
person disapproving must

A - remove the Airworthiness Certificate from the aircraft.
B - submit a Malfunction or Defect Report.

C - provide a written notice of the defect to the owner.

3. Who is responsible for maintaining the required maintenance records for an airplane?

A - Authorized inspector.
B - Certificated mechanic.

C - Aircraft owner.

4. If work performed on an aircraft has been done satisfactorily, the signature of an authorized
person on the maintenance records for maintenance or alterations performed constitutes

A - approval of the aircraft for return to service.
B - approval for return to service only for the work performed.

C - only verification that the maintenance or alterations were performed referencing maintenance
data.

5. Airworthiness Directives are issued primarily to

A - provide information about malfunction or defect trends.
B - present recommended maintenance procedures.

C - correct an unsafe condition.
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True/False: Circle T (for True) or F (for False) to describe the truth value for each statement
below.

1. T F The A&P certificate is good until age 65.

2. T F Atemporary A&P certificate is invalid after 3 months.

3. T F Toreceive an A&P certificate, the requirements are to pass an oral and written series of
tests.

4. T F Toreceive an A&P license, all series of FAA tests must be completed within 24 months.

5. T F The mechanic applicant must be at least 21 years of age.

6. T F An A&P mechanic must have held his certificate for two years before he can apply for his
Inspection Authorization.

7. T F The holder of an Inspection Authorization must conduct one annual inspection in a 12-
month period in order to renew his/her authorization?

2.7.3 Appendix C: Evaluation 2 Post Test

Post-test: System for Training in Aviation Regulations (STAR) Initials

Short Answer

1 Describe the relationship between Part 91, Part 43 and Part 65.

2. What is the function of standard regulations? Give an example of a Standard Regulation.

3. What do operating regulations communicate to the owner/operator?

4. Is there a relationship between the regulations in Part 45 and Part 47?

5. What types of logs need to be kept for an aircraft?
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6. In a maintenance record entry, when you sign your signature, qualification and certificate
number what are you attesting to?

7. Who is primarily responsible for the following:

A. Ensuring the aircraft is inspected and maintained between inspections?
B. Ensuring the replacement parts installed on an aircraft are airworthy and approved?

C. Recording, in the maintenance records of the aircraft, maintenance or preventive maintenance
performed on the aircraft?

Scenario 1

You are a student in an F.A.A. approved Part 147 school. You have just completed your airframe
rating and have your temporary certificate. During your last airframe class you met another student,
Bill Johnson, who already has a power-plant rating obtained through experience. Bill advised you
that his family owns an I.F.R. equipped Cessna 172 and you will be welcome to come for a ride
some time. Today he and his father approached you with the following proposal. The Cessna is due
a one hundred hour inspection because Mr. Johnson occasionally operates for hire. They propose that
you team with Bill to conduct and approve the one hundred hour inspection. Mr. Johnson warns you
that he has flown 4.5 hours since the inspection was due.

Based on this scenario answer the following questions. Justify your answers with references to
the appropriate FARS.

1. If you have a temporary certificate for the airframe class can you conduct a 100 hour inspection?
Justify your answer.

2. Can you inspect an aircraft that is past its due date for an inspection?

3. FAR 65.83 specifies the "recent experience requirements” for a certificated mechanic; describe
the requirements under subparagraph (b), He has for at least 6 months:

O o w >

4. Would your performance test to obtain the airframe rating while at school meet the requirement
to have performed the task before? Why or Why not.
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5. What is the policy for sharing inspection duties?

Scenario 2

You are a technician with both A and P ratings. During a 100 hr inspection on an IFR equipped C-
172, you notice that the altimeter and transponder have not been tested and inspected in the last 24
months. When you inform the owner that these tests and inspections are due, he asks: if these tests
and inspections are due, why didn't you do them as part of the 100 hour inspection?

Based on this scenario answer the following questions. Justify your answers with references to
the appropriate FARS.
1. What is the difference between a test vs an inspection?

2. How would you respond to the question posed to you by the owner?

3. Of the test and inspections required for IFR flight operations what tests and inspections can the
A&P perform?

4. Why is the test and inspection of the transponder with encoded altitude information a requirement
under FAR 91.215?

5. What are the two additional components you need to complete an inspection log entry?

6. What are the consequences of an infraction of the regulations?

7. Why is the self-policing nature of the aircraft maintenance profession the greatest weakness of
the system?

Multiple Choice: Circle the letter that best answers each question posed below.

1. When approving for return to service after maintenance or alteration, the approving person must
enter in the maintenance record of the aircraft.

A--the date the maintenance or alteration was begun, description (or reference to acceptable
data) of work performed, the name of the person performing the work (if someone else),
signature, and certificate number.
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B--a description (or reference to acceptable data) of work performed, date of completion, the
name of the person performing the work (if someone else), signature, and certificate number.

C--a description (or reference to acceptable data) of work performed, date of completion, the
name of the person performing the work (if someone else), signature, certificate number, and
kind of certificate held.

2. If an airworthy aircraft is sold, what is done with the Airworthiness Certificate?

A--1t becomes invalid until the aircraft is reinspected and returned to service.
B--1t is declared void and a new certificate is issued upon application by the new owner.

C--lt is transferred with the aircraft.

3. If work performed on an aircraft has been done satisfactorily, the signature of an authorized
person on the maintenance records for maintenance or alterations performed constitutes

A - approval of the aircraft for return to service.
B - approval for return to service only for the work performed.

C - only verification that the maintenance or alterations were performed referencing
maintenance data.

4. Each person performing an annual or 100-hour inspection shall use a checklist that contains at
least those items in the appendix of

A--FAR Part 43.
B--FAR Part 65.
C--AC 43.13-3.

5. Airworthiness Directives are issued primarily to

A - provide information about malfunction or defect trends.
B - present recommended maintenance procedures.

C - correct an unsafe condition.

True/False: Circle T (for True) or F (for False) to describe the truth value for each statement
below.

1. T F The A&P certificate is good until age 65.

2. T F Atemporary A&P certificate is invalid after 120 days.
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3. T F Toreceive an A&P certificate, the requirements are to pass an oral and written series of
tests.

4. T F Toreceive an A&P license, all series of FAA tests must be completed within 24 months.

5. T F The mechanic applicant must be at least 18 years of age.

6. T F An A&P mechanic must have held his certificate for three years before he can apply for his
Inspection Authorization.

7. T F The holder of an Inspection Authorization must conduct two annual inspections in a 12-
month period in order to renew his/her authorization?

8. T F The issuance of an Airworthiness Directive is governed by FAR Part 39.
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CHAPTER 3
ADVANCED TECHNOLOGY APPLIED TO TEAM
TRAINING: THE AIRCRAFT MAINTENANCE TEAM
TRAINING (AMTT) SOFTWARE

Anand K. Gramopadhye, David Kraus, Pradeep Rao, Daniel Jebaraj
Department of Industrial Engineering, Clemson University

3.1 INTRODUCTION

The team training effort for aircraft maintenance technicians (AMT) began in September 1994. The
earlier phase of this work investigated the usefulness of team training for aircraft maintenance
technicians. The study (Gramopadhye et al., 1995; Ivaturi, 1995) developed a framework for
understanding teams and teamwork in the aircraft maintenance environment and identified
opportunities for incorporating team training within the A & P school curriculum. The results of a
controlled study (Kraus, 1996) conducted to evaluate the effectiveness of team training were
encouraging as to the potential of improving AMT team performance and overall task performance.
Drawing from the results of the previous phase, the current phase of the research extended the team
training effort into a computer-based team training program--Aircraft Maintenance Team Training
(AMTT) software.

3.2 ADVANCED TECHNOLOGY FOR TEAM TRAINING

As computer-based technology becomes cheaper, the future will bring an increased application of
advanced technology to training. Over the past decade, instructional technologists have provided
numerous technology-based training devices with the promise of improved efficiency and
effectiveness. Examples of such technology include computer simulation, interactive video discs and
other derivatives of computer-based applications (Johnson, 1990), several of which have been
employed in aviation maintenance training (Johnson, 1990, Johnson et al., 1992; Shepherd, 1992).
Furthermore, multimedia has assisted in teaching difficult and complex skills (Gordon, 1994). In her
article on integrated learning systems, White (1993) lists a number of reasons that support the use of
computers and multimedia for instruction. These include: a) they provide a systematic exposure of
the curriculum, b) they allow individuals to learn at their own pace, c) they can track errors and
monitor the users learning progress, and d) they can motivate the user to learn through inter-activity
and game formats. In their guide for creating educational software, Chabay and Sherwood (1992)
state that interactive software is a two-way, dynamic, and modifiable education medium which is
inherently self-paced, repeatable, and potentially non-linear. As such, it offers advantages over other
educational mediums such as lectures and textbooks. Emphasizing the versatility of computer
applications, Andrews et al., (1992) found various multimedia technologies to be effective in
simulating combat situations for team training in the military. Because of the advantages offered,
computer-based training may have a role to play in team training in the aircraft maintenance
environment. As part of the effort which examined the application of advanced technology to team
training, a computer based team training software--Aircraft Maintenance Team Training Software
(AMTT)--was developed.

To ensure that the software addressed the needs of the aviation community, the designers worked in
close cooperation with a major aircraft maintenance/repair/overhauling facility (Lockheed Martin
Aeromod Centers, Inc.) and an A & P school (Greenville Technology--Aircraft Maintenance
Technology Program). Lockheed Aeromod Centers, located in Greenville, South Carolina, was
particularly helpful in the development of this program by allowing camera crews to shoot various
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scenes, by providing employees as actors, and by participating in the usability tests. The instructors
at the Aircraft Maintenance School of Greenville Technical College volunteered their time and effort
by providing technical input and role playing scenes. The development of AMTT was based on the
classical iterative software/instruction development methodology (Gould and Lewis, 1985; Gould
1988). The requirements of the aircraft maintenance environment guided the development of the
software program, which was centered on human (AMT) requirements and evolved through
appropriate stages of specification, story-boarding, prototyping, development and testing.

3.2.1 AIRCRAFT MAINTENANCE TEAM TRAINING (AMTT) SOFTWARE

AMTT Specifications

AMTT was developed in Microsoft Visual Basic and runs in the Microsoft Windows environment.
AMTT uses a 486 DX2 66 MHZ platform, a 15" SVGA high resolution monitor, 16 Mb RAM, 2 Mb
Video RAM, MCI compatible sound card, and a multi-speed CD.

Layout of the AMTT software

Specifically designed for training aircraft maintenance technicians in basic team skills, AMTT uses a
multimedia presentational approach with interaction opportunities between the user and the
computer. The multimedia presentation includes: full motion videos which provide real life
examples of proper and improper team behavior, photographs and animations that illustrate difficult
concepts, and voice recordings coupled with visual presentations of the main contextual material.
AMTT is divided into four major programs: Team Skills Instructional Program, Instructor's
Program, Printing Program, and the Supplemental Program. Eigure 3.1 shows the overall layout of
the AMTT software. While the Team Skills Program and the Supplemental Program have been
designed for use by the aircraft maintenance technician undergoing team training, the remaining two
programs are for use by the instructor/supervisor. An AMT interacting with the AMTT software first
uses the Team Skills Instructional program which provides an introduction to the software.
Following this step, the AMT is provided with instruction on basic team skills through four team
skills sub-modules, specifically, communication, leadership, decision making, and interpersonal
relationship.

Figure 3.1 Layout of the Aircraft Maintenance Team Training (AMTT) software.
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These sub-modules not only emphasize and cover generic material related to these skills but also
relate the importance and use of the specific skills within the aircraft maintenance environment.
Upon completion of the team skills modules, the information is summarized in the team skills
overview module. At this stage, the AMT is ready to use the Task Simulation module, which allows
the AMT to apply the skills acquired in the previous four team skills module within an aircraft
maintenance situation. The module enables the instructor to test the AMT's knowledge on teams and
ability to identify team related problems. In addition to the four basic team skills module, AMTT
also provides the AMT with a supplemental program. The supplemental program consists of two
separate supplemental modules: the critical path method and interactive decision making. The
objective of the supplemental modules is to provide users with hands-on experience in the use of the
specific decision making tools in a simulated team environment. It is anticipated that this interactive
experience will enhance learning and use of the specific tools in the real world environment. Since
the software was developed as both a training and research tool, the software facilitates the collection
of pre-training and post-training performance data. The instructor can access and analyze user
performance data using the instructor's program. The printing program is an additional utility
provided to the instructor to print the various screens in each of the team skills modules and present
the information in an alternate instructional format. All the modules are discussed in greater detail in
the following sections.

3.2.2 Team Skills Instructional Program

The team skills instructional program consists of the following modules: introduction, team skills,
team skills overview, task simulation, and the supplemental. Figure 3.2 shows the main menu of the
team skills instructional program. The various modules in the Team Skills Instruction Program are
extremely comprehensive in terms of material covered. As a result, the software will allow the user
to complete this instructional program over several separate sessions which could be conducted on
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different days.
Figure 3.2 Main menu showing the structure of the team skills instructional program.
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Click on the asvew keys to continue

Introduction module

The objective of the introduction module is fourfold. First, it provides the user with definitions of
terms and concepts found throughout the tutorial. Team and teamwork are both defined and
described, and the types of teams normally found in an aircraft maintenance environment are
illustrated. Second, the importance of teamwork and the resulting effects on performance are
detailed. Third, the user is introduced to the organization and layout of the tutorial, thus providing
prior knowledge about any questionnaires and/or tests to which he or she must respond. Finally, the
introduction collects demographic information on the user.

Team skills module

The objective of the Team Skills module is to provide the user with instructional material in the team
skills areas. Team skills factors or skills dimensions have been identified and defined by a number of
authors (Cannon-Bower et al., 1993; Glickman, et al., 1987; Nieva et al., 1978). Gramopadhye et al.,
(1995), and Kraus et al., (1996) describe the six team skills factors that are relevant specifically to
the aircraft maintenance environment. Drawing from the task analysis of aircraft inspection and
maintenance operations (Drury, 1990; FAA, 1991), site visits and interviews with training personnel
and supervisors at aircraft repair and overhaul facilities, review of Aircraft Maintenance Training
(AMT) school curriculum and interviews with AMT school instructors, and a literature review of
team training material, the skill factors were combined and adapted to form four separate sub-
modules: Communication, Decision Making, Interpersonal Relationships, and Leadership. Each of
these sub-modules has a similar structure (refer to Eigure 3.3). The sub-modules start with a

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



NextPage LivePublish Page 5 of 43

questionnaire wherein the user ranks ten subject-related questions on a seven point Likert scale.
These questions were based on the Critical Team Behavior Form (CTBF) developed by Glickman et
al., (1987). The objective of this questionnaire is to collect the user's perception on specific team
skills prior to the training (refer to Appendix 1 for team perception forms related to communication,
decision-making, leadership and interpersonal relationship sub-modules). This questionnaire is
followed by a short test containing 20 multiple choice questions that is intended to measure the user's
current knowledge on the subject material (refer to Appendix 2 for tests related to communication,
decision-making, leadership and interpersonal relationship sub-modules). Following the
questionnaire and the test, the user is presented the instructional material, which is broken down by
major topics. After each topic, a multiple choice question is presented to the user that must be
answered before proceeding to the next topic. These embedded questions serve two purposes: first,
they check to see if the user has understood the material just presented, and second, they reinforce
what the user has just learned. On completion of each module, the information is summarized, in a
final summary sheet (refer to Eigure 3.4 for a typical summary). The same questionnaire and test
questions asked at the beginning of the module are posed to the user at the end to measure both the
effect, if any, the subject material had on the user's understanding of the material and any change in
the user's perception related to the specific team skill. All answers provided by the user are recorded
in the database which can be accessed through instructor's module for later analysis.

Figure 3.3 Prototypical screen showing the organization of material in the team skills modules.

Aircrafl maintenance team training saftware

[ntreduction - Structure of modales

Questionnaire

" Test

Instructions
Finish

® Test

" Questionnaire

Additional / optional instruction

Recommended order of instruction

1. Commumcation

2. Decision making

3. Interpersonal relationships
4. Leadershap

yittom o stop all andin

Figure 3.4 A summary provided at the conclusion of each team skills module.
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Figure 3.5 shows a prototypical layout of the team skills module. The right side of the screen is
dedicated to key points being discussed in the voice-over, while the left side of the screen provides
supporting material. This supporting material comes in a variety of formats which include, but are
not limited to, animations, videos, photographs, diagrams, and flow charts. Buttons on the command
line at the bottom of the screen can be clicked on to exit, advance, back-up, stop and replay audio,
replay video, and access the navigational map. In addition to the advance and forward button on each
screen, a navigational map allows the user to navigate through the software. On-line help is also

available and is structured similar to Microsoft™ help.

Figure 3.5 Prototypical screen showing the layout of the team skills module.
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Communication sub-module

Communication between team members is critical to the successful completion of team tasks
(Scholtes, 1988). Working with instructors from the Guided Missile School in Norfolk, VA., Hogan
et al., (1991) found that the most frequent cause of poor team performance was improper team
member communication. To prevent this problem, Hogan et al., (1991) recommend the use of a low
fidelity computer-based training program to teach communication skills. Shepherd (1992) explains
the importance of communication in the aircraft maintenance environment where technicians must
be able to communicate effectively in written and spoken discourse. Addressing these needs, this
Communication sub-module was divided into six major topic areas. The first topic examines the
different methods of communication in the aircraft maintenance environment. VVerbal and non-verbal
forms of communication are discussed, and examples are provided which illustrate how individuals
communicate through posture, expressions, and actions. The communication process is covered as
the second topic. Then, in the following section, those parts of the communication process that are
likely to create communication problems in the aircraft maintenance environment are addressed.
Fourthly, the importance of feedback on performance is covered, and the proper way to give and
receive feedback is presented. Also addressed within the topic of feedback is the concept of active
listening. The fifth topic is written communication, which in the aircraft maintenance industry,
comes to the aircraft technician in many forms, with the most critical aspect for the technician being
the routine and non-routine work cards. The user is introduced to the importance of these work cards,
and through the use of examples, learns how to identify the typical errors made in filling one out.
The final topic of this sub-module deals with the proper and improper procedures for a shift change.
According to a report by Hackman in 1990 (as cited in Shepherd, 1991), contrary to the dictates of
the organization, very little, if any, communication takes place during a shift change. Yet, this is the
one critical time when all the various forms of communication come into play--verbal and non-
verbal communication, feedback and active listening, and written communication. Through the use
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of videos, the user sees and hears the incorrect and then the correct procedures for a shift change.

Decision making sub-module

Decision making has been identified as an important teamwork skill dimension (Cannon-Bower et
al., 1993). In a team environment, team members must have the ability to gather and integrate
information for problem assessment, to generate alternative solutions, to prioritize solutions and
make decisions, and to implement their decisions (Scholtes, 1988). Furthermore, the team members
need to be aware of specific strategies/tools that can be used in situations when uncertainty or
disagreement exists about the nature of a problem and possible solutions (Moore, 1987). The
objective of this sub-module is to explain the importance of a well-defined decision-making
procedure, to introduce the user to a variety of decision making tools, and to train the user on the
proper use of these tools. The Decision Making Sub-module has three main topic areas. The first
three topics--problem identification, generation of ideas, and decision making tools--follow the main
steps in the decision making process. Later a detailed description of the three decision making tools
(Consensus, Multi-voting, and Nominal Group Technique) is presented. Using animation, the user is
introduced to the basics on how and when to use the three decision making tools. As part of a
separate interactive decision making exercise (Interactive Decision Making supplemental module)
the user applies the different tools to resolve a real life aircraft maintenance problem.

Interpersonal relationships sub-module

The importance of interpersonal relationships as a team skill has been recognized by a number of
authors (e.g., Cannon-Bower et al., 1993, Ivaturi et al., 1995, and Scholtes 1988). Coovert and
McNelis (1992) state that interpersonal skills is one of the major factors that affect decision making
in a team, and McCallum et al., (1989) found a positive relationship between supportive behavior
and team performance. The purpose in providing training to the user in interpersonal relationship
skills is to help them to become more knowledgeable about the effects of various individual
behaviors on team performance, to recognize specific behavioral problems that may occur in a team
environment, and to deal with those behavioral problems in an effective and constructive manner.
The interpersonal relationships sub-module includes a discussion on the various stages of a team's
growth, the characteristics of successful teams, and the use of ground rules in a team environment. In
the final section of this sub-module, typical personality and behavioral problems that a user may run
into are presented in an aircraft maintenance situational context. The user learns to identify the
problems, and to respond with appropriate solutions.

Leadership sub-module

According to Mclntyre et al., (1988), proper team leadership has a positive effect on team
performance. Burgess et al., (1993) state that the performance of a team is often a direct reflection of
ability and performance of the team leader. Swezey and Salas (1991) extracted a number of
guidelines for effective team leadership from the literature on teams and teamwork, which were used
in developing the Leadership sub-module. The Leadership sub-module not only helps to summarize
the previously discussed team skills, but also reviews additional skills that are necessary for both the
lead mechanics/supervisors and the aircraft maintenance technicians. The first topic that is covered
in this sub-module is the role of the team leader. Team leaders and team members must know and
understand the importance of their role within the team and within the organization. In addition, they
must recognize various leadership styles and be able to use coaching and counseling techniques in
directing their team. The next three topics in this sub-module consist of a review of communication,
decision making, and interpersonal relationship skills within the context of leadership and with
additional concepts that are germane to proper leadership. The final two topics, which have not
previously been covered, include training and coordination. Under the training topic, the need to be
proactive rather than reactive is stressed. Leaders (Lead Mechanics/Supervisors) need to be mindful
of on-the-job training opportunities, and they must be concerned with the constant upgrading of their
team members' skills through off-line training. The final topic addresses coordination. Many authors
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treat coordination as a separate team skill (e.g., Cannon-Bower et al., 1993; Swezey and Salas,
1992). For the purposes of this tutorial, however, coordination was included as a part of leadership,
because a team leader has the responsibility to coordinate activities and resources both at the team
level and at the organization level. Since the leadership sub-module addresses both the general team
members as well as team leaders, the training information on coordination is available to all tutorial
users. Both internal and external coordination are described, and the importance of good
coordination skills is highlighted.

Team Skills Overview Module

The Team Skills Overview Module was designed to encapsulate all the general information provided
in the four sub-modules of the Team Skills Instructional module in a short 10 to 15 minute
presentation in the form of a slide show. In this module, the user is not required to interact with the
computer. The express purpose of this module is to reinforce the skills that were already covered in
the four team skills modules. Also, it serves as a bridge between learning a skill and utilizing that
skill. The Team Skills Overview module is intended to be completed prior to using the Task
Simulation Module.

Task Simulation Module

The Task Simulation Module was designed to allow the users to apply the skills learned in the team
skills instructional module in an aircraft maintenance situation. To make this exercise more
challenging, the task simulation module was designed in a game format. To accomplish this, a virtual
aircraft maintenance environment is created with a virtual team of seven technicians (one lead
mechanic and six crew members). The virtual team perform three consecutive tasks which require a
team effort. These tasks are: performing an extension and retraction test on the landing gears, jacking
down the aircraft, and finally, towing the aircraft to another location. A narrative is provided about
the crew and their efforts to complete these team tasks. Problems which involve team skills arise in
the normal course of work, and the user, acting as a consultant, is queried as to the correct course of
action. Each situation is presented as a scene, which the user observes and then evaluates by
determining whether the behavior and the actions of the crew are unacceptable or acceptable. To
simulate real life, wrong answers are carried forward to a potentially disastrous end. False problems
or situations are introduced to determine if the user recognizes when situations are progressing
within bounds. Figure 3.6 shows a prototypical screen of the task simulation module. To assist the
user in understanding the story line, photographs of the team members working together are
presented on the left side of the screen. Data on user performance is collected and stored in the
database for future analysis.

Figure 3.6 Prototypical screen of the task simulation module
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3.2.3 Supplemental Programs

The supplemental program consists of two supplemental modules:

Critical Path Method Supplemental Module

Teamwork often leads to making decisions concerning how to perform or improve future work.
Decision making, however, does not end with achieving agreement with all team members.
Decisions must be converted into an action plan. The Critical Path Method (CPM) Supplemental
Module was developed to teach the user the most common methods of scheduling and analyzing a
team process (Paulson, 1995). After the user is introduced to the background and uses of CPM, the
module proceeds to instruct the user on how to construct CPM diagrams using the activity-on-node
approach. Figures 3.7 through 3.9 are prototypical screens from the CPM module covering the basics
on CPM. CPM networks can be used to answer "what if" types of questions to help determine the
impact of a decision before implementation. The impact of changes are taught with a series of "what
if"" exercises to help the user understand the process, to practice calculating critical paths, and to
demonstrate how the critical path may become altered due to minor changes in resources. The
supplemental module concludes with a practical exercise in which the user observes an aircraft
towing task. The task is shown in full motion video and can be reviewed as many times as necessary.
Users are tasked with identifying the various activities involved in towing an aircraft, listing those
activities on a table which is provided, inputting activity time intervals, and identifying the
predecessor and successor activities for each activity needed to form a completed network. On
completion, a "school" solution is provided for comparison with the user's solution.

Figure 3.7 Critical Path Method: instructional screen.
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Figure 3.8 Critical Path Method: instructional screen.
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Figure 3.9 Critical Path Method: instructional screen.
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Interactive Decision Making Supplemental Module

The objective of this module is to provide the user with an opportunity to apply three different
decision making tools in a simulated team environment: consensus, multi-voting and nominal group
technique. technique. Thus, the module provides the user with a practical exercise wherein the user
interacts with the computer in a decision-making process. To reflect a real life situation, a virtual
team environment is created, wherein the user, a member of the virtual team, is posed with a problem
which requires a response. The user must interact with "the other team members™ by brainstorming
ideas and resolving the specific problem either through consensus, or by using a multi-voting
decision making technique or the nominal group technique._Figure 3.10 shows a representative
screen from the interactive decision making module.

Figure 3.10 Representative screen from the interactive decision making supplemental module.
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3.2.4 Instructor's Program

The AMTT software is both a research and a training tool. As such, data is collected on the user's
performance throughout the instructional portions of the tutorial. The main purpose of the
Instructor's Program is the collection and analysis of this performance data on each user and team.
The Instructor's Program is divided into two modules: Report Generation Module, and the Field
Study Module.

Report Generation Module

This module has two major sections: a consolidated report/individual records section and a
calculation section. Each of these sections can retrieve and analyze data from the Team Skills
Instructional Program. The performance data and demographic information collected in the Team
Skills Instructional Program can be accessed through the consolidated report/individual records
section. In addition to the user's responses, this program tracks the user's ID, the date and time of
each log-on, the session number, and the modules and sub-modules which have been completed.
Using this module, the instructor can access and analyze data on user performance. Upon the
selection of an identification number, the instructor/researcher may examine the demographics
information, the user's responses to each questionnaire, the scores for the pre- and post test
questions, the performance of the user in the Task Simulation exercise, and print graphs/reports of
any or all of this data. Figure 3.11 is a representative screen from the individual records section
showing the performance of a user on the decision making portion of the team skills module.

The calculation mode is very similar to the consolidation report/individual records in that
performance data and questionnaire responses may be retrieved and analyzed. This mode, however,
allows the instructor/researcher to group individuals or multiple sessions of one individual based on
teams or date and time of tutorial use. As with the previous mode, the instructor can obtain hard copy
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printouts of the data.
Figure 3.11 Representative screen of the individual records section.
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Field Study Module

At times when an instructor/researcher needs to conduct an evaluation of team training and
teamwork in the field or actual working environment, computer support may not be available. It is
for this reason that the Field Study Module was designed. The use of this module allows the
instructor/researcher to take responses to hard copy printout of the questionnaires and enter those
responses into the program for analysis. This module has three major sections: the data entry section,
the printing section, and the data display/analysis section.

The data entry section contains three sets of questionnaires for each of the four major skill categories
(communication, decision making, interpersonal relationships, and leadership). These questionnaires
are adapted from the critical team behavioral forms first developed by Glickman et al., (1987). A
student/user may fill out the questionnaire in a paper-based format, and the instructor may then enter
the user's responses into the computer. The ten questions in this questionnaire are the same that are
posed at the beginning and end of the four skills instructional sub-modules. These questions gauge a
user's perception of the various facets of team skills. The remaining two sets of questionnaires are
referred to as the Team Behavior Form and the Instructor's Form are both similar in content. While
one is to completed by the team member the other is completed by the instructor. In the Team
Behavior Form, the individual team members rate other members on their application of team skills.
The Instructor's Form is to be used by the instructor/team leader/supervisor to rate the team as a
whole on their use of team skills (refer to Appendix 3 for Team Behavior and Instructor's Forms
related to each skill, i.e., decision-making, communication, leadership and inter-personal
relationships). All the questions are based on a seven-point Likert scale, with 1 indicating low or
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poor and 7 being high or excellent. Because certain behaviors have greater impact on team
performance than other behaviors, an additional three-point impact scale was added for each
behavioral question. The printing section allows the instructor to generate printouts of the various
questionnaires. The Data Analysis section is similar to the report generation module. This utility
facilitates the analysis of user data once it has been entered into the computer.

3.2.5 Printing Program

In situations where computer support is lacking, it may become necessary to present the instructional
information in an alternate format. The printing program was specifically designed to provided the
instructor with necessary resources and structure to print the different screens in the team skills
instructional program (refer to Eigure 3.12).

Figure 3.12 Printing program
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3.3 FUTURE PLANS AND CONCLUSIONS

The next phase of this project will involve testing and detailed evaluation. The software will be
tested for robustness. Recommendations forthcoming from this testing will be incorporated to
enhance the software. The evaluation phase will analyze the utility of computer-based team training
in the aircraft maintenance environment. A detailed experimental protocol will be developed and the
evaluation will be based on an experimental design using an experimental treatment group and a
control group. The above phases will be conducted in cooperation with an A & P certified school,
aircraft maintenance facility, and a partner airline.

The report has described ongoing research and development related to the application of team
training in the aircraft maintenance environment. The research demonstrates the current application
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of advanced multimedia technology in developing a team training software for training aviation
maintenance technicians in team-based skills. Subsequent phases of this research will evaluate the
utility of AMTT in an operational setting. Training team skills of AMTSs is critical to ensure
successful team performance in the aircraft inspection/maintenance environment. In the future, as the
composition of the AMT workforce changes, team training will become more critical. In such an
environment, computer-based team training coupled with technical instructors will provide an
effective training solution. As the projects are completed, dissemination of results in the form of
published papers, reports, CD-ROMs, and short training courses is needed. It is only when the results
are disseminated and later applied by the general aviation community to enhance already high
performance of aviation maintenance that we can realize the full potential of the research.
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3.6 APPENDIX

3.6.1 Appendix 1: Team perception forms

Figure 3.13 Team perception forms: Communication
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Figure 3.14 Team perception forms: Decision making
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= Alreraft maintenance team training software - Field study moduls [=1#]

1. Decizion making I 2 Losisthp

| BE [ ]

.

3 Iedepeprional eelalionshe l 4, Commurication

Figure 3.15 Team perception forms: Interpersonal relationship
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Figure 3.16 Team perception forms: Leadership
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3.6.2 Appendix 2: Tests

Appendix 2.1 Test: Communication Sub-Module
Figure 3.17 Test: Communication Sub-Module (page 1 of 4)
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| Alrerafl mainlensnce team tralning softwsre [=1=]
" Please choose the best answer

T Tt displays alack of desire to communicate
T Stop for a moment and ask if you are making yourself clear
R omnmnic with bady language
R ag - C  Continae on becanse he will eventoally understand
©  You should keep very still so as to not confuse He should be ignored since any intermuption of your
the speaker presentation would be rode
= You should remain quiet sinee verhal and C You should stop your presentation to answer his

non-verbal commumnication de not mix ﬁ htiifhnrﬂilhi:t

©  Transmitter, audience, fee dhack and speaker C Listening is not considered a true form of communication
©  Speaker, paper, reader and feedback T We communicate most often by writing

C Feedback is typically not inumediate in written ¢onamunic ation
© Transmitter, receiver, andience and message C  Communication by hody language is only done by the Listansr
Speaker, message, Bstener and feedback as he respends to the speaker
_ ‘= In active listening you should actively consider what
©  Background noise you are going to say next while the speaker is talking
' His attitode to the Estensr i~ Active listening is disruptive and should be avoided

= Part of active listening iz giving feedback to the speaker on
T Terminology that is used what was just said
O The pelating cost s Active listening is listening while you are involved

in an activity

Click on the subnut button to submat answers once you are done. There are

totally 20 gquestions on 4 pages in this section,

Figure 3.18 Test: Communication Sub-Module (page 2 of 4)
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| Alrcraft mainlensnce team tralning softwsre [=1=]
Please choose the best answer

' Should be written
T Ts spoken
He really likes your idea but is waiting patiently for you to
finizh 5o he can add a thought £ an B epoleen, weitten ox visuad
= He doesn't agree with your idea but is heing polite by
not intermapting O seual
Heis impatient and does not care one way or w s st T vl
the ather what your idea is

T Heis probably indicating that he wants to speak next

Shorteuts the path between encoding and decoding

Grading the team members
Using an e stigatory management technique

Does not show up daring verbal communication

¢ Was using reverse psychology to get his team to Is
work harder Actruic ply pusEiTe
~  Looking for feedback to see if he got his message Is used to clarify ideas, intent and concepts
ACTHES
Reading a circular
T Circalars used
©  Thinking of ways to improve performance
 Terminology used
e ivi in R
Giving a fellow team member a " Thumbs up” sign P
T Listening to announcements o

Click on the submrt hotton to submit answers once you are domne. There are

totally 20 questions on 4 pages in this section.

Figure 3.19 Test: Communication Sub-Module (page 3 of 4)
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| Alrcrafl mainte team tralning softwsre [=1=]
Please choose the best answer
 Is only a problem in electronic communication
r  The circolar and the balletin only
Should be written dewn
The non-routine work card enly
T Should be positive as well as negative Al are examples of writhen communication
C

Is not a consideration for job performant e Ione are examples of written communic ation

Write so that only the most experienced reader will C Ttisezedb for

3 iy management for grading
T Proof read any decument you write It allows you to corrert ar improve your werk
©  Be clear, concise and comect T Ttis part of your performance evalaation
T Write legibly It goes on your permanent record
T Abulletin ¢ Stopping a person as soon as you disagree, so that
C Aclass presentation you ean systematically make vour points

T Farmulate your next point while a speaker is talking

€ Nedding your head T Assame an attentive position
T Smashing your fist on a table becanse vou are mad T Always taking notes

Click on the submrt hotton to submit answers once ¥ou are done. There are

totally 20 questions on 4 pages in this section.

Figure 3.20 Test: Communication Sub-Module (page 4 of 4)
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" Please choose the best answer

T Is using an active listening technique
T Is perfarming interactive management

Should not have spoken since it dismapts John's

train of thenght
©  Failed to uso body language

A e o sl T
B T T

oy L7 re i —
o (3T e T o b s Sl

Sy e

Of poor English

Of poor Handwriting

OF incorrect information
Insufficient information

Click on the submrt hutton to sobmit answers once you are done. There are

totally 20 questions on 4 pages in this section.

Appendix 2.2: Test: Decision-Making Sub-Module.
Figure 3.21 Test: Decision-Making Sub-Module (page 1 of 4)
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= Alrcrafl mainlenance team Wralning software [=1%]
“Please choose the best answer

g

T Define the problem as a single question O Prioritizing
T Brainstorm ideas Problem definition
™ List reason why the existing process won't work " Generation of ideas
- Do a critical path analysis - Coordination with supervisors
You should aeeept ideas that are generated withowt

 What management practices and training tools need to be L _ s

implemented to alleviate this problom? discussion or reaction
© How the to the mechamics in a tmely manner? ~ You should immediately drop ideas that the majority

e Ipuhl ¥ = iy vote to eliminate

£ e mpmnd - T You should never combine ideas

What are the overall ehjectives of this company, and how i hould I i i
might those abjectives be changed to accomodate changes in 1?“ Jif: h.u" ek S or. ok -
the supply department?

Click an the submit button ta submit answers once Fou are done. There are

totally 20 questions on 4 pages in this section.

Figure 3.22 Test: Decision-Making Sub-Module (page 2 of 4)
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= Alrcraft mainte tesm training softwsre [=1=]

Please choose 1he best answer

You reject all poor or ridiculons ideas right away to save time r  Consensus
Each idea should be discussed in detail as it is presented C  WVoting
Figgy-hacking or hitch-hiking your ideas onta someons C  Multiveting
wlse's idea is encouraged

You should use personal experiences to reject ideas that " Nominal greup technique
have failed in the past

Click an the submrt hotton to submit answers once ¥ou are done. There are

totally 20 questions on 4 pages in this section.

Figure 3.23 Test: Decision-Making Sub-Module (page 3 of 4)
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= Alrcraft mainte team training softwsre [=1=]

N B e el

You need to vote the same way each time to maintain
consistency
You prioritize your votes

You may cast your votes in any manner you chooge

I T

The number of votes you get is set at 4 per person

E— [ ——

C  Reflects poor communication skills
O Voting T Should be done before idea presentation
©  Nominal group technique I3 an alternative to brainstorming

= Is used at the conclusion of meestings
C  Consensus

_ Having awell defined decision making procedure is

helpfol to a team
C  Because it is good for handling complex situations Onee ateam is finished brainstorming, they will have
©  Because voting never produces bad feelings a consensus as to a sohstion
T Because it builds self esteem T Multivoting is a sub category of inspection
£ Becuurs ftle a rapll dacislen nuking ) OFall boam sk, decision makiugis tha niast
technigue .

Click an the submit button to submit answers once o are done. There are

totally 20 questions on 4 pages in this section.

Figure 3.24 Test: Decision-Making Sub-Module (page 4 of 4)
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“Please choose the best answer

-

*

pertans to question 16

The team leader should elose the meeting and
report ' Mo ideas generated’ ta the supervisor
The team leader should keep presenting his aam
ideas in the hope that the others will get started
The team leader should wse his authority to make
them respond

The team leader should haek up and start with

the silent of ideas
aﬁ

-
L

L

-

Do mare silent generation of ideas allewing more

time - possibly days

Back up to the initial problem and diseass it throughly sines
there is probably some misunderstanding

You must keep going round robin until someone gives an idea
to report. Someone has to say something.
Stop. It is new time to report * WMo ideas generated ' to the
SUPEIVISOT

5_

~

»

Pl

-

L

& ew e

Nathing. This is the type of interaction that you are seeking

for eliminating poor ideas and keeping good ideas.
Redirect the foeus of the team to another problem that needs
to he sohed

Reprimand the team members for criticizing and evalaating

Stop the evaluation by reminding team members af the
brainstorming rules

May make changes on a suggestion if the contributor agrees

Is within his prwer to make any alterations

Should make alterations to a snggestion only il the majority of
the team members agree

Shaald never change what the contributor says

Uses hiz discretion to shorten the bst of ideas for his team

Should only eliminate ideas and not combine ideas
Should eliminate or combine ideas only with the permission of
the contributor and sther team members

Leave the st alone. Do not make changes.

Click an the submrt hotton to submit answers once you are done. There are

totally 20 questions on 4 pages in this

section,

Appendix 2.3: Test: Interpersonal Skills Sub-Module
Figure 3.25 Test: Interpersonal Skills Sub-Module (page 1 of 4)
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=) Alrcrafl mainlenance tesm training software =12
Please choose e best answer
Successful teams never have interpersonal relationship VYery easily since they are working on a
problems COMIAOT
Successful teams consist of people with similar C  Through extensive training and close
experience, background and opinion supervision by trainers
" Sinee teams are temperory, suecessful teams must  With the help of a specially trained manager
i Sueeessful tearas realize personal differences ean T Through several stages of development

dﬂhﬁlid‘hhﬂn

Avoid uncontrolled tension when dealing with conflict C  Thereis and
Encourage conflict between team members ~  There are arguements among team members,

©  INot aveid conflict or tension since it helps to competition, and *'choosing sides"
engure a free exchange of ideas ' There iz significant invelvement by top management
R.ululhltnu:udlrhmm because this stage is so critical

Forming is characterized by the large number of

Ennl:hb-uﬂ]udi i

~  Respect other team members and consider their opinions

T Avoid objectionakle remarks T Second
~  Be open to new ideas ' Third

= All of the abave T Fourth

Click an the submit botton to submit answers once you are done, There are '_'
- . .y . = N3
totally 20 questions on 4 pages in this section. | =i

Figure 3.26 Test: Interpersonal Skills Sub-Module (page 2 of 4)
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=| Alrcraft mainie
Please choose the best answer

team training softeare

cC Sueeessfal teams typically by-pass this stage of team
growth because of the conflict

C During this " Storming stage', it is vital that management
hecomes invalved

T During this stage, more energy iz spent in learning ahowt
one another than in accemplishing goals

' Storming occurs primarily in long established

teams

This is the last and fourth stage
During this stage, team members are more
friendly and confident in each other

T Ttis at this stage that management hecomes
involved in each team aspect

Most conflicts oceur during this stage

Determine procedures for running a team meeting
Set up processes for documenting team activities
Establishing arceptable hehavior

Establishing acceptable behavior and standard operation
proce dures

o

e e )

Click an the submrt hotton to sobmit answers once you are done. There are

totally 20 questions on 4 pages in this section.

C

The function of cantrolling topics to be discussed

Methods to achieve balanced participation by members

The team leader closing down a disenssion so that decisions
ean he made

Monitoring attendance and replacing members who have shown
disinterest by not attending meetings on a regular hasis

- .

-

Team meetings are impartant, but they are not treated as kigh
priarity work.

Emphasis on attending meetings on time iz a distracting
earry-over from more formal hehavioral requirements

Team meetings should start and stop on time

Meetings should be extended il eaningfial

iﬂunﬁd&

e~
C

)

-

By establishing ground rales
With a eombination of ground rules and team leader
actions

By reminding members of their responsibilties

Figure 3.27 Test: Interpersonal Skills Sub-Module (page 3 of 4)
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| Alrcrafl malnte team tralning softwsre [=1=]

" Please choose the best enswer

" Trying to help the team leader keep the mesting on schedule

» Limit discussion and free exchange of ideas by relaxing the atmosphere

Will evaluate each idea and reject ideas that "will ©  Trying to push activities to achieve personal goals

mot work"

T Able to handle information Faster than other team members
May eriticize ideas from others
Trying to get more ideas exposed within the lmited time

All af the above
C  Try to contral team meetings © Generally ignared and given time only for positive comments
T Like to hear themselves talk Permitted te "talk it out™ and them asked to withhold all
o ! other negative comments
it e tolarkace fur sthan opions ~  Quickly remeved from the meeting for a one-on-one diseussion
o B with the team leader

 Asked to listen, withhold comments, and to meet with the

_ ﬂhm i

The member is ancomfartable in the meeting I the same as a negative participant, and shoald he
handled the same way
The nuembec is diriracted by personal problems € Should be ignored since their attitade is disruptive
© May be encouraged to participate through
May not care about team participation B
Al of the al C muhw:ummm

Click an the submit botton to submit answers once you are done, There are '_'
oy e . TR = =+ 13
totally 20 questions on 4 pages in this section. | H

Figure 3.28 Test: Interpersonal Skills Sub-Module (page 4 of 4)
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Appendix 2.4: Test: L eadership Sub-Module
Figure 3.29 Test: Leadership Sub-Module (page 1 of 4)
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Click on the subnut botton to submit inswers once you are done. There are

totally 20 questions on 4 page this section.

Figure 3.30 Test: Leadership Sub-Module (page 2 of 4)
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= Alrcraft mainlensnce team tralning software [=1=
“Please choose 1)ie best answer

_ You agree to go along this time if the group will agree with

C mu:mummmmu you next time

C  Everyone agrees to support the selected solution alternative
C mmummmmmm Maore than a simple majarity is needed to make the decision,
C Ia}dﬂhhunﬂﬁrliﬂqm but not everyone needs to agres
C  Paszed on From father to son Selected alternatives should reflect guidanee received [rom

_ Make the best decision possible in the shortest time and go

back towork - no one will remember where the solution came

¢ Make sure the room is set up like a elassroom in Frosn 3 it bans ot £ ba
; N wrong
order to make presentations easier  Make maxinum use of past experience and stay away
C Mentally develop and keep an agenda to follow from new or innovative ideas - there is too muck risk
C ﬁ;mnwﬂmnhmmmmh - Gmrmiﬂw: evaluate the ideas and then select the best
notes
" Be concerned about the meeting room environment C ﬂmﬂ'ﬂ form recommendations and

ﬁfu a derision

Periodieally to remind members that they belong

T Experts in planning and engineering organizations il

¢ Team leaders in conjunction with technical notes and Whenever or as [requently as management will

© Team members on the floor based on their expertise © When there iz a need - it has a purpose - and will not
become a social period

T By the team only when forced to do so by management

~  When the team leader is being pressed by management and he
needs more hands to prepare semething for them

T

Click an the submrt hotton to submit answers once you are donae. There are W‘I
totally 20 questions on 4 pages in this section. "B

Figure 3.31 Test: Leadership Sub-Module (page 3 of 4)
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| Please choose the best answer

John what are your thoughts showt Peter's
suggestion?

How wounld yon improve the process?

Do you think that this is the best way?

Why do yon think: that thiz will work?

Listening and focusing your attention en the speaker

Drawing out the speaker by challenging his comments or
by asking the sources of the information being furnished
Providing positive comments(feedhack) - toming mistakes
and errors info learning experiences

Telling workers how to do a task corectly to make them
mare effecient

Alrcrafl mainlenance team training software [=1%]

‘o

-
‘o

-

-

Plan te tell them the main point at least three different ways
and then summarize

Keep your message concise - use simple language - and check
for understanding

Make a concise statement - they are smart and do mot need
ropeated explanations

Make a short statement and open discussions for clarifying
questions

Mo - you don't want to insult team members or imply that they
are slow leamers

Yes - it will help ensure that there is a commaon
understanding

Mo - give team members a chance to follow instroctions - i
mistakes are made, uge the learning experience - if no
mistakes are made, it will build confidence

Yes - it will give team members time to think aboat what was

— ﬂ“ﬂﬂma'u' e

C
C

=

C

Chck on the

Give hoth positive and negative feedback

Constructive feedback should emphasize the negative and
should be given to redirect and/or improve performance
Avoid negative feedback since it lowers self esteem and
reduces team performance

Mew team teaching techniques encourage the elimination of
negative feedback - provide only positive feedback

cubmit hofton to submit answers once you are done. There are

totally 20 questions on 4 pages in this section,

C
C)
L
C

Show attentiveness with voice and facial expressions
Have presentations done by specialisis

Use open ended questions

Use silence

Figure 3.32 Test: Leadership Sub-Module (page 4 of 4)
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3.6.3 Appendix 3: Team Behavior Forms And Instructor Forms

Appendix 3.1 Team Behavior Forms And Instructor Forms (Communication)

Figure 3.33 Team Behavior Forms And Instructor Forms (Communication)
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= Aireraft maintensnce tesm training softwars - Flold study moduls | =]%

3 Ietepeerional eelaionshen I 4, Communication

1. Brescion kg l 2 Lesistho

-

A—

Appendix 3.2 Team Behavior Forms And Instructor Forms (Decision-Making)
Figure 3.34 Team Behavior Forms And Instructor Forms (Decision-Making)
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= Alreraft maintenance leam training software - Fleld study module d |
1. Dacivion mabing | 2 Losdusto | YT — |  Commeicaion
Name ] T
fream || | B [ ]

([1]/2[3]
1. Hoinpact 2 Some impact 3 Shiong impact
[ i (. il i it

Huwtral Veiy stiongly
aHpon

(123 Pllbatay o oo o
Instruciod’s lom

1. Team pesception fom I 2. Team behavies loam ES
won Hhe lopic thal wth bo sddiess

Appendix 3.3 Team Behavior Forms And Instructor Forms (Interpersonal Skills)

Figure 3.35 Team Behavior Forms And Instructor Forms (Interpersonal Skills)
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Appendix 3.4 Team Behavior Forms And Instructor Forms (Leadership)

Figure 3.36 Team Behavior Forms And Instructor Forms (Leadership)
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CHAPTER 4
TEAM SITUATION AWARENESS IN AIRCRAFT
MAINTENANCE

Mica R. Endsley, Ph.D.
Department of Industrial Engineering, Texas Tech University
and
Michelle M. Robertson, Ph.D.
Institute of Systems and Safety Management, University of Southern California

4.1 INTRODUCTION

Insufficient attention has been paid to human error in aircraft maintenance. While the numbers of
incidents due to mechanical failures that can be traced to maintenance problems are relatively few
when compared to other causal factors (e.g., inflight human error), they do exist and can be
systematically addressed. Marx and Graeber (1994), for instance, report that 12% of accidents are
due to maintenance and inspection faults, and around one-third of all malfunctions can be attributed
to maintenance deficiencies. In addition to its impact on safety of flight, the efficiency of
maintenance activities can also be linked to flight delays, ground damage and other factors that
directly impact airline costs and business viability.

In examining human error that may occur within the maintenance arena, several issues can be
identified.

1. The first involves shortcomings in the detection of critical cues regarding the state of the aircraft
or sub-system. Several accidents have been traced to metal fatigue or loose and missing bolts that
should have been visible to maintenance crews. Incidents exist of aircraft being returned to service
with missing parts or incomplete repairs. Frequent errors include loose objects left in aircraft, fuel
and oil caps missing or loose, panels and other parts not secured, and pins not removed (Marx &
Graeber, 1994). While several factors may contribute to this type of error, in all of these cases the
state of the system (i.e., the defect, or the loose or missing item) was not detected prior to returning
the aircraft to service.

2. Often, even when important information is perceived, there may be difficulties in properly
interpreting the meaning or significance of that information. For instance, Ruffner (1990) found that
in more than 60% of avionics repairs, the incorrect avionics system is replaced in an aircraft. While
the symptoms may be observed correctly, a significant task remains in properly diagnosing the true
cause of the failure. While not much data exists regarding the impact of misdiagnoses of this type,
there is a significant increase in the probability of an incident occurring when the aircraft undertakes
the next flight with the faulty system still aboard.

3. Problems in properly detecting the state of the system and diagnosing or interpreting cues that are
perceived are compounded by the fact that many different individuals may be involved in working
on the same aircraft. In this situation, it is very easy for information and tasks to fall through the
cracks. The presence of multiple individuals supports the need for a clear understanding of
responsibilities and good communications between individuals to support the performance of shared
tasks.

4. In addition to the need for intra-team coordination, a significant task for maintenance crews is the
coordination of activities and provision of information across teams to those on different shifts or in
different geographical locations. The Eastern Airlines incident at Miami Airport (National
Transportation Safety Board, 1984) has been directly linked to a problem with coordination of
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information across shifts (along with other contributing factors). In addition, considerable energy is
often directed at coordination across maintenance sites to accommodate maintenance tasks within
the flight schedule and part availability constraints. These factors add a level of complexity to the
problem that increases the probability of tasks not being completed, or completed properly,
important information not being communicated, and problems going undetected as responsibility for
tasks becomes diluted.

4.1.1 Situation Awareness

All of these difficulties point to a lack of situation awareness. Situation awareness has been found to
be important in a wide variety of systems operations, including piloting, air traffic control and
maintenance operations. Maintenance crews need support and training in ascertaining the current
state of the aircraft system in addition to current training programs that concentrate on mechanical
skills. Formally defined, "situation awareness is the detection of the elements in the environment
within a volume of space and time, the comprehension of their meaning, and the projection of their
status in the near future™ (Endsley, 1988). In the context of aircraft maintenance, this means being
aware of the state of the aircraft system (and the sub-system one is working on). Termed Level 1 SA,
this would include perception of factors such as metal fatigue, loose or missing items, pins, or
screws, oil or fluid leaks, tread wear, systems not functioning properly, etc. Level 2 SA would
involve the technicians' understanding or comprehension of the significance of observed system
states. Specifically this would include their diagnosis of the causal factors associated with observed
symptoms. A technician with Level 1 SA might be aware that a particular subsystem is not working
properly. A technician with Level 2 SA also understands what is specifically wrong with that
subsystem. Level 3 SA, the ability to project the state of the system in the near future, is considered
the highest level of SA in dynamic systems. A technician with Level 3 SA would be able to project
what effect a particular defect might have on the performance of the aircraft in the future.

While SA has generally been discussed in terms of the operation of a dynamic system, such as an
aircraft, the concept is also applicable to the maintenance domain. The complexity of aircraft
systems and the distributed nature of equipment and system components posses a significant
challenge to technicians' ability to determine the state of the system (Level 1 SA) during diagnosis
and repair activities. Putting together observed cues to form a proper understanding of the underlying
nature of malfunctions (Level 2 SA) is a significant problem in diagnostic activities. In the
maintenance domain, technicians may need to be able to project what will happen to an aircraft's
performance with (or without) certain actions being taken or with given equipment
modifications/repairs/adjustments occurring (Level 3 SA). This task may be even more difficult for
maintenance technicians, as they often receive little or no feedback on the effects of their actions,
and thus may have difficulty developing an adequate mental model for making accurate predictions.
The ability to project system status forward (to determine possible future occurrences) may also be
highly related to the ability to project system status backward, to determine what events may have
led to an observed system state. This ability is particularly critical to effective diagnostic behavior.

4.1.2 Team SA

In aircraft maintenance, as in many other domains, the requirement for situation awareness becomes
compounded by the presence of multiple team members and multiple teams. Individuals need not
only to understand the status of the system they are working on, but also what other individuals or
teams are (and are not) doing as well, as both factors contribute to their ultimate decision making and
performance. Team situation awareness can be defined as "the degree to which every team member
possesses the situation awareness required for his or her responsibilities” (Endsley, 1989a). In this
context, the weak link in the chain occurs when the person who needs a given piece of information
(per his or her job requirements) does not have it.

4.1.3 SA Errors
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Marx and Graeber (1994) point out that many different taxonomies of errors have been proposed.
The major question becomes translating the error classification into meaningful remediation within
the maintenance context, an issue that is not trivial with many taxonomies. The primary advantage of
characterizing maintenance errors in terms of situation awareness is that a taxonomy of causal
factors at the level of human information processing mechanisms and characteristics has been
developed for understanding the root causes of these errors (Endsley, 1994; Endsley, 1995), shown
in Table 4.1. Thus specific remediation measures can be identified for addressing the root causes of
the errors discussed previously. Situation awareness training concepts for individuals (Endsley,
1989b) and teams (Robertson & Endsley, 1995) can also be developed based on this formulation.

Table 4.1 SA Error Taxonomy (Endsley, 1994, 1995)

I. Level 1 SA - Failure to Correctly Perceive Situation
A. Data not available
B. Data difficult to detect/perceive
C. Failure to scan or observe data
1. Omission
2. Attention narrowing/distraction
3. High taskload
D. Misperception of data
E. Memory failure
Il. Level 2 SA - Failure to Comprehend Situation
A. Lack of or poor mental model
B. Use of incorrect mental model
C. Over-reliance on default values in model
D. Memory failure
E. Other
I11. Level 3 SA - Failure to Project Situation into the Future
A. Lack of or poor mental model
B. Other

4.2 RESEARCH OBJECTIVE

The overall research objective is to address current situation awareness related difficulties in aircraft
maintenance through the development of cohesive maintenance teams and the promotion of team
situation awareness. Teams differ from a collection of individuals in that they are "a distinguishable
set of two or more people who interact dynamically, interdependently, and adaptively toward a
common and valued goal/object/mission, who have each been assigned specific roles or functions to
perform, and who have a limited life span of membership" (Salas, Dickinson, Converse, &
Tannenbaum, 1992). Thus, the major factors contributing to the concept of a team are shared goals,
the interdependence of their actions, and the division of labor in terms of established responsibilities
for meeting those goals. This is critical for the development of an environment in which people have
a shared understanding of who does what when, reducing the probability of information or tasks
going unattended.

Within the framework of a team it is important to provide the members with the skills to function
effectively. Specifically, it is proposed that training be provided to assist teams in achieving situation
awareness, as this is the critical factor that will allow team members to carry out the maintenance
tasks for which they have been trained. Several related training programs have been successful
within this domain. Drury (1993) has shown success in training maintenance personnel in visual
inspection. Taylor, Robertson, Peck and Stelly (1993) were successful in improving high-level
performance objectives (for example, dependability and safety) after instituting a program to train
aircraft maintenance personnel in communication and coordination skills. While both of these
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examples may help SA, neither directly addresses SA as an over-riding objective. Other factors need
to be considered to optimize Team SA, such as the skills needed to identify critical information and
ensure that it is passed across teams and team members and interpreted based on a common
framework across team members.

The objective of this project is to identify situation awareness requirements for aircraft maintenance
teams, analyze how SA needs are currently being met in a typical maintenance environment, and
establish concepts and requirements for training Team SA in this domain.

4.3 METHODOLOGY

Two major research initiatives were conducted towards the accomplishment of this goal:

(1) A determination of the requirements and resources for Team SA in aircraft
maintenance, and

(2) Anassessment of training needs for Team SA.

Since it was not possible to review practices at all airlines or all locations, these activities were
conducted at an aircraft maintenance facility for a major U.S. airline that served as a representative
maintenance environment. The B-check maintenance operations at a major airport were selected to
keep the project within a reasonable scope. The project was conducted by first identifying SA
requirements and the resources used to support those requirements in the selected representative
maintenance environment. Concepts for training Team SA were developed based on the analysis.

A Team SA Context Analysis methodology was developed for this project. This method consists of
two parts: An SA Requirements Analysis and an SA Resource Analysis, as shown in Figure 4.1.

Figure 4.1 Team SA Context Analysis

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



NextPage LivePublish Page 5 of 38

SA Requireme

4.3.1 SA Requirements Analysis.

5A Besourci
Analysis

The first step was to determine the specific situation awareness requirements of individuals in the
aircraft maintenance arena. This was addressed through a goal-directed task analysis which assessed
(1) the goals and sub-goals associated with maintenance crews, (2) the decision requirements
associated with these goals, and (3) the situation awareness requirements necessary for addressing
the decisions at all three levels - detection, comprehension, and projection. This type of analysis has
been conducted successfully for several classes of aircraft (Endsley, 1989a; Endsley, 1993), air
traffic control (Endsley & Rodgers, 1994) and airway facilities maintenance (Endsley, 1993).

Analyses were conducted through expert elicitation with experienced maintenance personnel,
observation of aircraft maintenance activities, and review of all available maintenance
documentation. The analysis concentrated on B-Check maintenance activities. Discussions were
conducted with three maintenance supervisors, four lead technicians and four A&P technicians. In
addition, personnel in planning and stores, maintenance control, maintenance operations control and
aircraft-on-ground at headquarters were involved in the discussions.

4.3.2 SA Resource Analysis.

The second part of the Team SA Context Analysis concentrated on identifying the SA Resources
used in the current environment to achieve the SA Requirements identified in the goal-directed task
analysis. Two major categories of resources were considered: Other personnel as a source of
information and technologies used as sources of information.
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To provide an assessment of the existing personnel SA resources, an analysis of communications
between organizations and individuals was conducted using a contextual inquiry approach. The
contextual inquiry approach (Robertson & O'Neill, 1994) focuses on understanding and describing
the communication patterns within and between teams as related to their performance goals. The
contextual inquiries were conducted simultaneously with the discussions for determining the SA
requirements. The contextual inquires involved semi-structured discussions in which each individual
was asked to describe his/her major functions and goals and the organizations or individuals that
served as resources in meeting those goals. A mapping was determined showing the interactions
among and between team members. Each individual was asked to make an estimate of the overall
frequency of communication with each identified unit and the importance of the communication for
achieving their goals. Finally, they were asked to identify barriers to effective communication and
performance in the work setting.

In addition to identifying the SA requirements of teams working on each maintenance task, the
technologies for obtaining each requirement within the current system were documented. Based on
this analysis, an assessment was made of the degree to which the current system supports Team SA
and the skills and abilities that are required for achieving good SA within this environment. This
assessment was used to identify system design recommendations and training concepts for
improving Team SA.

4.4. RESULTS

A hierarchy of goals in the maintenance environment was developed for several categories of job
function within the maintenance team (supervisors, leads and technicians), and for several
organizations or teams that work closely with the maintenance team to achieve its goals (Material
Services (stores), Planners, and Maintenance Control, including Maintenance Operations Control
and Aircraft-on-Ground). These are presented in_Section 4.4.1. These goals were used to develop a
list of SA requirements for each group, shown in Section 4.4.2. Next, the personnel resources used
for meeting these SA requirements were determined and are presented in Section 4.4.3. The
technology resources used for meeting the SA requirements were also surveyed and are discussed in
Section 4.4.4. In addition, barriers and problems for achieving job goals were identified during the
discussions and are documented in Section 4.4.5.

4.4.1 Goals and Functions

Goals for each job analyzed in the maintenance domain were derived from discussions with
personnel as a part of the goal-directed task analysis. Job goals at all levels in this domain appear to
be oriented towards the dual objectives of ensuring aircraft safety and delivering aircraft for service
on time. A breakout of A&P technician goals is shown in Table 4.2. The goal break-outs for
supervisors and maintenance team leads were identical, and so have been combined and presented in
Table 4.3. (Supervisors also have significant administrative responsibilities which are outside the
scope of this analysis and are not addressed here.)

Table 4.2 A&P Technician Goals

1.0 Aircraft safety
1.1 Deliver aircraft in airworthy, safe condition
1.1.1 Make repairs
1.1.1.1 Determine part availability
1.1.1.2 Placard problem
1.1.2 Service aircraft
1.1.3 Find potential problems
1.1.4 Solve problems
1.1.5 Provide quality workmanship
1.2 Keep area clean

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



NextPage LivePublish Page 7 of 38

2.0 Deliver aircraft on time
2.1 Prioritize tasks

Table 4.3 Lead & Supervisor Goals
1.0 Aircraft safety
1.1 Deliver aircraft in airworthy, safe condition
1.1.1 Assist mechanics
1.1.1.1 Make repairs
1.1.1.2 Service aircraft
1.1.1.3 Find potential problems
1.1.1.4 Solve problems
1.1.1.5 Provide quality workmanship
1.2 Keep area clean

2.0 Deliver aircraft on time
2.1 Prioritize tasks
2.2 Assign tasks
2.2 Assess aircraft status
2.3 Provide coordination

In general, the top level goals of supervisors and leads are very similar to those of technicians. They
assume many of the same subgoals as the technicians in identifying and solving maintenance
problems when needed to support technicians when they run into difficulties. Supervisors and leads,
however, also have additional subgoals associated with managing the maintenance teams (assigning
and prioritizing tasks, assessing aircraft status and providing coordination).

Specific tasks and functions included within the B-check operations were:
avionics in cockpit: radar, radios, flaps, gauges,
interior: lavatories, emergency equipment, seats, overhead bins, lap belts, emergency
lighting
exterior: tires, brakes, fuselage, leading edges and flaps, cargo bays
right and left engines and wings
right/left gear lubrication, nose gear lubrication and tail lubrication

APU

placards

Several internal organizations (teams) interact with the maintenance team and have a significant role
in achieving maintenance goals. The goals and SA requirements for these organizations also were
assessed. They included Material Services (Stores) (Table 4.4), Planning (Table 4.5), and
Maintenance Control (Table 4.6). Maintenance Operations Control (MOC) (Table 4.7) and Aircraft-
on-ground (AOG) (Table 4.8) are sub-organizations of Maintenance Control.

Table 4.4 Material Services (Stores) Goals

1.0  Minimize delays & placards
1.1 Have needed parts/tools/materials ready when needed
1.1.1 Assess parts/tools/materials demands
1.1.2 Assess parts/tools/materials availability
1.1.3 Assemble kits
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1.2 Supply parts/tools/materials to other stations

2.0 Minimize costs and time to obtain materials
2.1 Obtain parts/tools/materials in a timely/cost effective manner
2.1.1 Order parts/tools/materials from vendors
2.1.2 Order parts/tools/materials from other stations
2.1.3 Borrow parts/tools/materials from other airlines

Table 4.5 Planning Goals

1.0 Set-up and print job cards for remain-over-night (RON) aircraft
1.1 Determine tasks to be done to aircraft
1.2 Assess ability to complete tasks
1.3 Re-schedule work

Table 4.6 Maintenance Control Goals

1.0 Eliminate out-of-service aircraft and avoid delays
1.1 Determine actions needed to get aircraft back to
flight status

Table 4.7 Maintenance Operations Control Goals

1.0 Minimize number of placards on aircraft
1.1 Don't exceed mandated time limits on placards
1.1.1 Get aircraft to desirable station
1.1.2 Approve/disapprove re-routing requests

Table 4.8 Aircraft-on-Ground Goals

1.0 Deliver needed parts ASAP
1.1 Find parts
1.2 Minimize costs

Reviewing the goals of each of these organizations reveals significant interdependencies between
teams. For instance, technicians are dependent on Material Services to "have parts/tools/materials
ready when needed.” Material Services is in turn dependent on Planners to provide relevant task
information and on AOG to "deliver needed parts ASAP." These interdependencies, while not
surprising, highlight the need for good transfer of information across teams. By examining in detail
the situation awareness requirements of each team, it should be possible to gain an understanding of
the types of information required by each team and the ways in which the transfer of this information
can be improved.

4.4.2 SA Requirements

A breakout of SA requirements for each goal and subgoal was derived from discussions and
observations. This is presented in Table 4.9 (for technicians) and Table 4.10 (for supervisors and
leads). The SA requirements for each goal and subgoal for the supporting organizations was likewise
derived and are presented in Table 4.11 (for material services (stores)), Table 4.12 (for planning),
Table 4.13 (for maintenance control), Table 4.14 (for maintenance operations control (MOC)) and
Table 4.15 (for aircraft-on-ground (AOG)). The format of the SA requirements breakout is as
follows:

X.X  Goal
X.X.X  Subgoal
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* questions to be answered to meet the goal
e SA-requirements

e SA requirements

In general, the analysis identifies a number of SA requirements at all three levels (perception,
comprehension and projection) that are important for meeting goals in this domain. There are a few
guidelines that should be kept in mind when reviewing this analysis.

« Atany given time more than one goal or subgoal may be operating, although these goals
will not always have the same priority. The attached SA requirements breakout does not
assume any prioritization among them, or that each subgoal within a goal will always come

up.

* These are goals or objectives not tasks. The analysis should be as technology free as
possible. How the information is acquired is not addressed here (e.g., directly through some
system, from another unit, etc.). (This will be addressed in the SA Resource Analysis.)

* The analysis sought to define what technicians would ideally like to know to meet each
goal. It is recognized that they often must operate on the basis of incomplete information and
that some desired information may not be easily available with today's system.

»  Static knowledge, such as procedures or rules for performing tasks, is also outside the
bounds of this analysis. The analysis primarily identifies dynamic situational information
(information that changes from situation to situation) that effects how technicians perform
their tasks.

Table 4.9 A&P Technician SA Requirements

1.0 Aircraft safety
1.1 Deliver aircraft in airworthy, safe condition
1.1.1 Make repairs
1.1.1.1 Determine part availability
Correct part supplied?
manufacturer's part number
aircraft type, model, tail number
maintenance and equipment list (M&E) number
effectivity number
How long to get part here?
in-stock status
manufacturer's part number
aircraft type, model, tail number
maintenance and equipment list (M&E) number
effectivity number
part & tooling availability
where
when it will be here
delivered or pick-up
arrival flight number
arrival gate number
.1.1.2 Placard problem
Can problem be placarded?
type of problem
Minimum Equipment List (MEL) status
Deferred information placard (DIP)
Open item list (OIL)

e O o o o | o o o o o o o o o o0 o o o o o o o
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redundant systems available
control number

log page number

flight number

employee number

1.1.2 Service aircraft

e 6 o o o o o o o |~ 0 o o o O O O O o o O O O |~ O o o 0o O O O o o o O o O o o o o o O o o o o o
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Service activities needed?

tasks to be done

fuel status

lavatory status

Are we meeting schedule?

time aircraft due at gate

delays to aircraft

estimated time of arrival at gate
aircraft repair status

Where do we need to go?
permission to taxi

permission to do high power run-up
taxi/runway clearances

Current status of job?

status of other tasks impacting own task
other tasks own task will impact
who can help

who needs help

tasks started

tasks completed

tasks/activities being done next
who is doing each task

activity currently being performed by others
major problems encountered

.1.3 Find potential problems

Item within or beyond serviceable limits?
Item near limits needing preventive maintenance?
reported problems

pilot reports

placards

new problems

worn tires/brakes

miswiring

dents/damage

loose items

fuel/oil leaks

items out of ordinary

functioning of convenience items

.1.4 Solve problems

Fix problem or defer?

potential impact of problem on flight safety

time required to solve problem

time required to get part

length of time item can be deferred without repair
location(s) aircraft is going to

facility maintenance capabilities

today's load

problem deferability category (placardable,
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groundable)

minimum equipment list (MEL) status

How to solve problem?

impact of potential approaches on time

impact of potential approaches on flight safety
impact of potential approaches on other tasks/jobs
possible methods

possible sources of problem

maintenance/failure history of item

part availability (see 1.1.1.1)

proposed repair authorized

EC/RA Engineering Change Request Authorization

number
1.1.5 Provide quality workmanship
Activities performed correctly?
tasks performed correctly
steps to be done
steps completed
location of designated components on system
system type
paperwork completed
parts installed correctly
inspection approved
1.2 Keep area clean
* Area free of foreign objects?
» loose objects (screws, parts, etc.)
e tools
e trash

2.0 Deliver aircraft on time

2.1 Prioritize tasks
Best order for tasks?
task time requirements
interdependence/sequencing requirements of tasks
part availability (see 1.1.1.1)
problem deferability category (placardable, groundable)
minimum equipment list (MEL) status
availability of Kits, tools, equipment, vehicles
availability of personnel
personnel skills

Table 4.10 Lead Technician & Supervisor SA Requirements

1.0 Aircraft safety
1.1 Deliver aircraft in airworthy, safe condition
1.1.1 Assist mechanics

1.1.1.1 Make repairs

(see A&P Technician requirements)
1.1.1.2 Service aircraft

(see A&P Technician requirements)
1.1.1.3 Find potential problems

(see A&P Technician requirements)
1.1.1.4 Solve problems

(see A&P Technician requirements)
1.1.1.5 Provide quality workmanship
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(see A&P Technician requirements)
* Procedures followed correctly?
» required tasks completed properly
e tasks completed per manual
» paperwork complete
1.2 Keep area clean
(see A&P Technician requirements)

2.0 Deliver aircraft on time
2.1 Prioritize tasks
*  Best order for tasks?
e tasks scheduled
e aircraft type
e check type
* placards
e non-routine problems
» task time requirements
» time available for tasks
e timeduein
e time due out
e location in
* location out
e gate number
» flight number
* interdependence/sequencing requirements of tasks
e part availability
e problem deferability category (placardable, groundable)
e minimum equipment list (MEL) status
« availability of Kits, tools, equipment, vehicles
» availability of personnel
e personnel skills
2.2 Assign Tasks
* Task assignments?
e personnel here/available
e experience/capability in task type
» speed at performing task
« ability to do job without supervision
» ability to sign off on job
e seniority
e housekeeping
» tasks to be done
« criticality for air safety
» time required to do task
» complexity of task
e how much needs to be disassembled to complete task
» ability to do task at same time as other tasks
* ability to do task at gate
» aircraft location

2.3 Assess aircraft status

» where do we stand on tasks/non-routine problems?
what help is needed?

what problems are the technicians having?

what parts are needed?

Impact on delivery schedule
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tasks completed

tasks in progress

non-routine problems encountered
status of non-routine problems
time required to do remaining tasks
parts needed

help/information needed

personnel needed

diagnostic support needed

2.4 Provide coordination
coordination/assistance needed?
tasks completed

tasks in progress

non-routine problems encountered
status of non-routine problems
time required to do remaining tasks
parts needed

help/information needed
personnel needed

diagnostic support needed

Table 4.11 Material Services (Stores) Goals

1.0  Minimize delays & placards

1.1 Have needed parts/tools/materials ready when needed
1.1.1 Assess parts/tools/materials demands

What parts/tools/materials are needed?
maintenance work forecast
tasks planned
aircraft type
check type
known placards
date planned
parts/tools/materials needed for each task
aircraft type
modifications/changes to aircraft
part number
effectivity number or mod number
anticipated problems for aircraft type
parts/tools/materials needed
aircraft type
modifications/changes to aircraft
part number
effectivity number or mod number

1.2 Assess parts/tools/materials availability
Can we meet demands?
state of internal inventory
number of items per part number/effectivity number
other parts that are interchangeable
engineering authorization for substitution
Is item available elsewhere?
availability of parts/tools/materials at other stations
availability of parts/tools/materials at other airlines
availability of parts/tools/materials at vendors

e & o o o o o o ° |~ 6 o o o o O O o o o o oo o o oo o o o
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1.1.3 Assemble Kits
Kits ready?
kit complete/correct
kit assembled prior to when needed
Assess demands (1.1.1)
Assess availability (1.1.2)
Obtain items (2.1)
1.2 Supply parts/tools/materials to other stations
Can | supply this item?
requests for items
urgency of need
parts/tools/materials needed
aircraft type
modifications/changes to aircraft
part number
effectivity number or mod number
Assess own demands (1.1.1)
Where to send item?
stations plane will R.O.N. in
capabilities of station
urgency of need
How can | get it there in a timely/cost effective manner?
shipment methods available
cost
timeliness

2.0 Minimize costs and time to obtain materials
2.1 Obtain parts/tools/materials in a timely/cost effective manner

can | get this item by the time its needed?

what is the most cost and time effective method of obtaining?

availability of parts/tools/materials at other stations

availability of parts/tools/materials at other airlines

availability of parts/tools/materials at vendors

urgency of need

time item needed by

shipment methods available

cost

timeliness

2.1.1  Order parts/tools/materials from vendors

*  What needs to be ordered?

*  When should items be ordered?

» lead time to keep inventory at levels needed

» state of internal inventory

* number of items per part number/effectivity number

* re-order points

» usage requirements (number of items per month)

2.1.2  Order parts/tools/materials from other stations

2.

What needs to be ordered?
Who has item?
Who can deliver item quickest and cheapest?
cost
time to acquire
delivery method
item availability
1.3 Borrow parts/tools/materials from other airlines
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What needs to be ordered?

Who has item?

Who can deliver item quickest and cheapest?
cost

time to acquire

delivery method

item availability

Table 4.12 Planning Goals

1.0 Set-up and print job cards for remain-over-night (RON) aircraft
1.1 Determine tasks to be done to aircraft
what needs to be done to aircraft?
amount of time until work must be performed?
tasks to be completed
routine work
type of check
standard check items
known placards
expiration date/time on placard
non-routine work
new placards
expiration date/time on placard
extra jobs (flight directives, etc.)
Assess ability to complete tasks
can work be done here?
manpower available for tasks to be done?
time required to complete tasks
number of man-hours required for tasks
time available to complete work
number of man-hours available
ability to perform work?
parts availability
in-house
being shipped
time of arrival
material availability
tooling availability
.3 Re-schedule work
can work be deferred?
can plane be delayed?
can aircraft be re-routed?
problems encountered in completing work
new placards
assess ability to complete work here (1.2)

()
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Table 4.13 Maintenance Control Goals

1.0 Eliminate out-of-service aircraft and avoid delays
1.1 Determine actions needed to get aircraft back to flight status
Can aircraft be fixed?
problem diagnosis
type of repairs needed
parts needed
estimated time to repair (ETR)
aircraft model
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description of problem

status of system parameters

actions performed

history of actions on systems/parts on aircraft
estimated return to service time (RTD)
confidence in RTD estimate

estimated time to repair (ETR)

time to acquire parts

time to acquire people with skills

Is alternate action needed?

Will current actions meet schedule requirements?
Estimated return to service time (RTD)
Scheduled time aircraft due in service
Can problem be deferred?

M.E.L. list

other system repairs currently deferred
scheduled trips (cities, routes)

weather forecast

distance of trips

fuel loads required

altitude restrictions

capabilities of stations on current schedule
Can aircraft be rescheduled?

alternate routes available

capabilities of stations on alternate routes
Temporary repair possible?

type of repairs needed

parts needed

estimated time to repair (ETR)

Table 4.14 Maintenance Operations Control Goals

1.0 Minimize number of placards on aircraft
1.1 Don't exceed mandated time limits on placards
1.1.1 Get aircraft to desirable station
»  Which station should aircraft be sent to?
» Can necessary work be performed at stations on
route?
Impact of route on schedule?
Stations scheduled for R.O.N. on route
placarded item
number of days on limit
type of repairs needed
parts needed
estimated time to repair (ETR)
capability of stations
availability of parts at stations
availability of expertise/manpower at stations
1.2 Approve/disapprove re-routing requests
Okay to re-route aircraft?
Can necessary work be performed at new stations?
Impact of re-route on schedule?
Stations scheduled for R.O.N. on route
placarded item
number of days on limit

e & o o o o |~ e o o o o o o o o o
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type of repairs needed

parts needed

estimated time to repair (ETR)

capability of stations

availability of parts at stations

availability of expertise/manpower at stations

Table 4.15 Aircraft-on-Ground Goals

1.0 Deliver needed parts ASAP
1.1 Find parts

1.

time?

Where can the part be acquired from as soon as possible?
part number/effectivity number
reference used to determine part number
interchangeability of parts

quantity needed

rotable/expendable

station part needed at

location of available parts

other stations

other airlines

vendors

priority

time aircraft due back in service

status of part delivery

2 Minimize costs

What is the least expensive place to get the part by the needed

What is the least expensive way to get the part to the station

by the needed time?

expedite fees

volume discounts

delivery method

priority

time aircraft due back in service
cost of available parts

other stations

other airlines

vendors

4.4.3 SA Resources: Personnel

The personnel resources and technology resources used within the organization to meet the situation
awareness needs identified in Section 4.4.2 were ascertained through the contextual inquiry
methodology. Personnel resources are presented in this section and the technology resources are in
Section 4.4.4.

Results of the contextual inquiries are presented in Figures 4.2 through 4.11. The figures depict the
personnel SA resources, in terms of the individuals or units within the maintenance technical

operations, that are needed to achieve the team's performance goals. Figures 4.2, 4.3, and 4.4 show
the organizations and individuals that the A&P technician, lead technician and supervisor interface
with, respectively. Lines and arcs show communication patterns between organizations. Figure 4.5
shows the personnel requirements for the material services (stores) supervisor and Eigure 4.6 for a
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lead in material services, Eigure 4.7 for planners, Figure 4.8 for a maintenance control manager and
Figure 4.9 for maintenance control controllers, Figure 4.10 for maintenance operations control, and
Figure 4.11 for aircraft-on-ground. Supervisor SA resources were delineated for some organizations

where available.
Figure 4.2 SA Resources: A&P Technician
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Figure 4.3 SA Resources: Lead Technician
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Figure 4.4 SA Resources: Supervisor
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Figure 4.5 SA Resources: Material Services Supervisor
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Figure 4.6 SA Resources: Material Services Lead
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Figure 4.7 SA Resources: Planner
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Figure 4.8 SA Resources: Maintenance Control Manager

Other
Managers

Field
Technical
Support Director
of MG
Maintenance
Gontrol
Maintenance Manager
Training
Planning

MOC
Managers .
Engineers

Figure 4.9 SA Resources: Maintenance Control Controllers
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Estimates were made by each individual in the discussion concerning the overall frequency of
communication with each maintenance unit and other team personnel. Each individual assigned a
percentage (of 100%) to each unit that reflected the overall frequency of communication of each
interchange. For each of these SA resources, the importance of the communication also was rated on
a four point scale, where 1 represents a very important communication interface for achieving the
team's performance goals and 4 represents a relatively low importance resource. Mean estimates of
communication frequency and importance were determined for each of the interfacing organizations
depicted in each figure and are presented numerically in Tables 4.16 through_4.23.

Table 4.16 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces from the perspective of the A&P technician. Several personnel and work
units were indicated as very important knowledge resources necessary to accomplish the A&P
technicians' jobs. These were the other technicians, airport operations (tower) and company
operations (ramp personnel), closely followed by lead technicians and stores (material services). The
highest reported frequency of communication was with the other technicians (54.50%), followed by
lead technicians (26.75%).

Table 4.16 SA Personnel Resources: A&P Technicians

SA Resources: Personnel  Mean Importance Mean
Frequency (%)

Maintenance Control
- Maintenance Operations Control Aircraft on
Ground (AOG) 25 3.75

Lead Technician 1.5 26.75
Stores 1.5 8.25

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



NextPage LivePublish Page 25 of 38

Other Technicians 1.0  54.50
Airport Operations 1.0 < 1.00
Company Operations 1.0 < 1.00
Supervisor 3.2 2.25

Quality Assurance 2.5 < 1.00
Aircraft Inspectors 2.0 3.25
Planning 2.0 < 1.00

Table 4.17 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces from the perspective of the lead technician. The most important
knowledge resources necessary to accomplish their jobs were maintenance control, stores (material
services) and technicians. The highest reported frequency of communication was with the
technicians (45.3%), followed by maintenance control (13.3%), and the supervisor (13.3%).

Table 4.18 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces from the perspective of the maintenance supervisor. The most important
knowledge resources necessary to accomplish their jobs were maintenance control, lead technicians,
technicians, quality assurance and the director. The highest reported frequency of communication
was with the lead technicians (35.0%) and technicians (32.5%).

Table 4.17 SA Personnel Resources: Lead Technicians
SA Resources: Personnel Mean Importance  Mean
Frequency (%)

Maintenance Control
- Maintenance Operations Control Aircraft on
Ground (AOG) 13 133

Other Leads 3.0 6.0

Stores 1.3 10.0
Technicians 1.6 453
Airport Operations 2.0 < 1.0
Company Operations 3.5 3.3
Supervisor 3.0 13.3
Quality Assurance 3.6 < 1.0
Planning 2.0 1.6

Aircraft Inspectors 3.6 2.2
Other Airlines 2.0 < 10
Technical Support 2.0 3.6

Table 4.18 SA Personnel Resources: Supervisors
SA Resources: Personnel  Mean Importance  Mean Frequency
(%)
Maintenance Control

- Maintenance Operations Control Aircraft on
Ground (AOG) 1.0 6.0

Lead Technicians 1.0 35.0
Stores 15 6.5
Technicians 1.0 325
Airport Operations 2.5 3.0
Quality Assurance 1.0 2.5
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Director & Managers 1.0 6.0

Planning 2.0 7.5
Engineering & Technical Support 2.0 < 1.0
Aircraft Inspectors 3.0 < 1.0

Aircraft Cleaners 3.0 < 1.0

Airport Authority 3.0 < 1.0

Table 4.19 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces for the material services supervisor. The most important knowledge
resources necessary to accomplish this job was maintenance control, leads, and material specialists
in Stores, as well as other supervisors in material services and in maintenance. The highest reported
frequency of communication was with material specialists (30.0%) followed by leads in material
services (20.0%).

Table 4.19 SA Personnel Resources: Material Services Supervisor

SA Resources: Personnel Mean Mean Frequency
Importance (%)

Maintenance Control
- Maintenance Operations Control Aircraft on Ground
(AOG) 1 <50

Lead Technicians 2 10.0

Technicians 2 10.0

StoresLeads 1 20.0

Material Specialists 1 30.0

Inventory Planning 2 <5.0

Maintenance Supervisor 1 15.0

Other Material Services Supervisors 1 10.0

Table 4.20 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces for the material services leads. The most important knowledge resources
necessary to accomplish this job was maintenance control and technicians. The highest reported
frequency of communication was also with these two groups.

Table 4.20 SA Personnel Resources: Material Services (Stores) Leads

SA Resources: Personnel Mean Mean Frequency
Importance (%)
Maintenance Control
- Maintenance Operations Control Aircraft on
Ground (AOG) 1 400
Technicians 1 40.0

Planner 2 20.0

Table 4.21 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces for planning. The most important knowledge resources necessary to
accomplish this job was the maintenance supervisor, the planners, and coordinator for the fleet (at
company headquarters) and the local tool lead. The highest reported frequency of communication
was with the fleet planner and fleet stores coordinator.

Table 4.21 SA Personnel Resources: Planners
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SA Resources: Personnel  Mean Importance  Mean Frequency (%)
Maintenance Supervisor 1 20.0

Fleet Planner (MOC) 1 30.0

Stores Fleet Coordinator 1 30.0

Local Material Services (Stores) Lead 3 10.0

Inspection Supervisor 2 5.0

Table 4.22 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces for managers at maintenance control. The most important knowledge
resources necessary to accomplish this job were the controllers and other managers in this
organization, the director of the organization, and field technical support. The highest reported
frequency of communication was with the director, controllers, and other managers.

Table 4.22 SA Personnel Resources: Maintenance Control Managers
SA Resources: Personnel Mean Importance  Mean Frequency (%)
Maintenance Controllers 1 25

Maintenance Operations 4 <5
Control (MOC)

Planning 4 <1

Director of Maintenance 1 20
Control

Maintenance Training 2 5
Engineers 2 10

Other Managers 1 25
Field Technical Support 1 10

Table 4.23 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces for controllers in maintenance control. The most important knowledge
resources necessary to accomplish this job were the technicians, the SOC duty manager, engineers,
and aircraft-on-ground. The highest reported frequency of communication was with technicians.
Table 4.23 SA Personnel Resources: Maintenance Control Controllers

SA Resources: Personnel Mean Importance  Mean Frequency (%)

Technicians 1 235

Flight Crews 2 3.3

Local Station Operations 15 5.0

Duty Manager (SOC) 1 15.6

Material Services 2 10.0

Dispatchers 2 10.0

Contract Agencies 2 10.0

Aircrafton Ground 1 15.0
(AOG)

Engineers 1 3.0

Routing 2 <1.0

Field Technical Support 15 <10
MC Manager 15 <1.0
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FAA 4 <10
Maintenance Operations Control 4 <2.0 (MOC)

Table 4.24 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces for maintenance operations control. The most important knowledge
resources necessary to accomplish this job were aircraft routing, planning, and material services. The
highest reported frequency of communication was with routing and material services.

Table 4.24 SA Personnel Resources: Maintenance Operations Control
SA Resources: Personnel  Mean Importance  Mean Frequency (%)
Engineers 4 6.0
Maintenance Control 2 4.0

Systems Operations Control 2 4.0
(SOC)

Aircraft Planning 1 10.0
Technical Support Supervisor 3 6.0
Reliability 2.5 6.0

Local Station Operations 1.2 10.0
Aircraft on Ground (AOG) 12 <3.0
Dispatchers 2.2 8.6

Material Services 1 15.0

Contract Agencies 2 8.6

Flight Crews 2 <3.0

Aircraft Routing 1 18.0

Table 4.25 displays the personnel SA resources, mean importance, and mean frequencies for the
communication interfaces for aircraft-on-ground. The most important knowledge resources
necessary to accomplish this job were stores, maintenance control, and maintenance operations
control. The highest reported frequency of communication was with the same three organizations.

Table 4.25 SA Personnel Resources: Aircraft on Ground
SA Resources: Personnel  Mean Importance  Mean Frequency (%)
Stores 1 250
Cargo Department 3 <3.0
Express 3 <1.0
Couriers 3 <1.0
Station Maintenance 3 <5.0
Operations 3 <5.0
Airframe Vendors 4 <1.0
Repair & Modification 4 <1.0
Maintenance Operations Control (MOC) 1 20.0
Planning 4 <10
Maintenance Control 1 25.0
Supplies 2 10.0
Contract Agencies 2 10.0
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Overall, a great deal of interdependency can be seen between the organizations and personnel
included in this study. Each job type involved interacting with between 3 and 14 different
organizations to attain (or supply) the information needed to perform the job. In general two or three
of these interactions were viewed as very important and constituted the majority of each function's
interactions, however, for many of the functions there were also many organizations that were
interacted with at least occasionally. Specific issues regarding these interactions that can have a
significant impact on SA were uncovered during the analysis and are discussed in Section 4.5.

4.4.4 SA Resources: Technologies

In addition to ascertaining the personnel resources used for attaining situation awareness, the
technologies used within the maintenance organization were also examined. The primary
technologies used for passing information within the organization included Spectre, a system for
logging maintenance activities, several non-integrated databases used across several organizations,
and technical documentation that could be found in various hard copy manuals and micro-fiche.

From the standpoint of supporting situation awareness, several shortcomings exist within these
technologies. First, Spectre, a computer program that supports maintenance activities at many large
air carriers, is woefully deficient in supporting the SA needs of the technicians and others with
whom they interact. The primary problem is that the database is based on very old 1970's computer
technology that does not meet even basic human-computer interaction standards. Finding
information within screens is difficult due to poor layout and presentation, and finding desired
screens is quite confusing. These problems greatly increase the likelihood of making an error,
spending excess time in trying to find needed information, and, most importantly, decrease the
likelihood that the system will be utilized fully to share information across organizations.
Particularly since the personnel using this technology are not necessarily high-level computer users,
significant changes in this technology would be most beneficial. An upgrade is greatly needed to
provide information that is organized around the user's needs (as outlined in the SA requirements
analysis presented here). This information can be used to create a database interface that presents the
information that is needed in a form that is integrated around the user's goals and corresponding SA
needs. A Windows menu-based interface is recommended to provide ease of use for personnel
whose main job is not programming computers but fixing aircraft.

Secondly, while Spectre serves as the main database for the technicians, several other computerized
databases are also present in the system. These databases all run on separate systems, function in
different ways and are non-integrated. This poses significant difficulties for personnel who must
switch between several systems to find the information they need. It requires entering information
multiple times, which is both time consuming and error prone. To support situation awareness, these
databases need to be integrated. While different databases may be needed to support different
functions, they should be designed along a common interface framework and links should be
provided between databases so that personnel can easily pull up needed information from one system
while working on another system. Without this type of functionality, it is very difficult for personnel
to achieve an up-to-date picture of critical situation elements.

Thirdly, a large number of technical manuals are present throughout the organization. These manuals
are very important for diagnostic activities, finding proper parts numbers and ascertaining
information needed to conduct certain procedures. At present this information is widely distributed
in various hard copy manuals and micro-fiche, which may not be up-to-date, and may not cover
pertinent modifications or differences between particular aircraft even within a model (due to
significant customization of aircraft at the time of purchase and subsequent modifications). This
results in a system where personnel spend a considerable amount of time trying to find the
information that is needed, often find incorrect information (regarding the needed part number for
example), and which provide significant system inefficiencies. Frequently repairs are delayed when
the wrong part is procured, for example, and unneeded work is conducted in disassembling and
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reassembling an aircraft system, upon finding that the repair cannot be made. Pertinent drawings,
specifications and technical information needs to be computerized, linked to the aircraft tail number
(so that it is correct relative to the customization and changes that have been made to that aircraft),
and made directly accessible to the technician through a common interface. By linking this
information to the database that technicians use to log information and pass information to other
organizations, a significant improvement will be realized in the quality and correctness of
information transferred. At present, the information passed within the database tends to be minimal
(due to the poor interface and typing requirements). The ability to make direct reference to drawings,
procedures and part-numbers will greatly help with this problem. It furthermore puts all needed
information at the user's finger-tips which will greatly reduce confusion, errors and wasted time.

4.45 Barriers and Problems

During the discussion process, maintenance personnel were solicited to determine factors that
created barriers to effective communication and performance. Barriers are issues that slow down or
hinder performance. These are problems that maintenance teams have to routinely overcome in order
to meet their performance goals. They encompass organizational, technical and personnel issues.
Barriers that were mentioned by the maintenance personnel are listed in order of frequency in Table
4.26. In general, most people felt that the system worked quite well, however, almost all could name
a few areas where improvement was possible.

The most frequently mentioned barrier was a lack of proper tooling for completing a job which is
exacerbated by the fact that much of the repair work has been out-sourced thus making rapid access
to correct tooling and parts difficult. In addition to a certain lack of trust of these external
organizations (probably stemming from lack of information), there was an expressed frustration with
not being able to interact with personnel where the repair work had been out-sourced so that
questions pertaining to specific items could be addressed. A decreased reliability of parts and quality
control problems with parts coming from out-sourced vendors was also mentioned. Maintenance
personnel expressed the need to be able to track parts by vendor names and to track the quality and
reliability of these parts that the current system does not support.

The second most commonly listed problem was an unavailability of parts and difficulty in
determining when the proper parts would be available to the technician. Often the parts supplied
would not be correct for the specific model and type of aircraft. This is a particular problem as the
company has aircraft that were purchased from many different airlines, each with subtle differences
between them. Parts supplied by stores often are not the correct ones due to these slight differences.
This serves as a frequent source of frustration, necessitating schedule delays or issuing a placard for
repair at a later date. Related to this problem is the lack of a backlog of critical parts. Critical parts
are frequently not available when needed, leading to having an aircraft down for an extended period
or necessitating expensive and time consuming rush procurements through AOG.

Tracking parts for a specific aircraft was frequently mentioned as a significant difficulty.
Determining where parts are in the system (specifically in relation to items being obtained from
outside the system, or in transit from somewhere) and getting the parts to the aircraft were described
as common problems. In general, maintenance personnel experienced significant uncertainty
regarding when, where and how parts would be delivered and spent extra time trying to get this
information and to ascertain its reliability.

Significant problems in switching between the various information databases (such as Spectre, the
stores database and the customer service database among others) were noted. Maintenance personnel
currently need to retrieve information from multiple sources, however, the ability to readily access
and gain needed information from multiple systems at the same time is quite limited. For example,
booking, monitoring bills, baggage handling, and tracking items and parts are all activities that need
to be conducted by aircraft-on-ground (AOG). These activities require accessing and integrating
information across several databases on an almost continual basis in order to keep up-to-date with
the current situation. This situation also leads to redundant tasks between paperwork, manuals and
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the computer systems. Maintenance personnel expressed a need for an integrated computerized
database system, allowing for more efficient monitoring of activities and parts and facilitating
getting the part to the aircraft in a more expeditious fashion. Other needs expressed included a ready
list of "hot" parts and items, a means of tracking MELSs better and a database on parts reliability. The
Spectre database in particular was considered a significant barrier or problem. Personnel expressed
considerable frustration with the system as it made data entry very difficult and the user interface
was very clumsy. This system needs significant revisions to provide pertinent information in a usable
format.

Organizational issues were also mentioned. In particular the feeling was expressed that management
was not providing visible and active support, particularly in regard to feedback on how personnel
were doing, improvements that could be made, and guidance on which direction personnel should go
in and why. Maintenance personnel expressed a desire for better feedback or rewards when they
make progress in the right direction.

Maintenance personnel also expressed a certain degree of frustration regarding other organizations.
Many felt that other groups did not really understand what they did. For example, the maintenance
technicians did not like having maintenance operations control (MOC) tell them what to do, when
"they are not out here working in the cold and the dark™. On the other hand, MOC personnel felt they
were misunderstood as they all had worked in the technician's job before. They also felt they had the
best information to be able to ascertain the impact of a given problem on changes in the system (e.g.,
scheduling). The technicians, though, did not have this "big picture.” The end result of these types of
differences is misunderstandings between organizations, and inefficiencies in problem solving as
neither group has the full picture and the same information possessed by the other group.

Several interpersonal issues were mentioned. While most personnel were considered to be "team
players," others were considered to be deficient by not pitching in to help complete tasks. Problems
with information not being transferred between team members both during a shift and between shifts
were cited. Related to this, personnel conflicts were listed as a problem. The instability of the
organization was also a significant concern. Just prior to the time period of this study, there were
many reorganizations, changes in management, layoffs, and reassignments/ relocation of many of the
personnel.

Other problems mentioned included fatigue and problems associated with shiftwork (particularly
among graveyard shift workers), concerns over organizational down sizing, lack of updating of the
stores computer system to reflect the nuances of particular aircraft, need for more training on
Spectre, a lag in updating workcards to reflect changes in work procedures, and poor housekeeping
and maintenance of tools.

People expressed the desire to be able to solve problems locally if only they had the information they
needed. For example a particular problem may be placarded and passed on to another station, when it
could be fixed locally if information on scheduling and parts availability was shared better. People at
the local level wanted to be involved more in the decision making process in order to help meet the
organizational goal of having the aircraft back in service as soon as possible. Related to this,
personnel also expressed a desire for more proactive problem solving instead of waiting until a crisis
situation develops. They felt they needed to get information sooner and to obtain earlier involvement
of the respective parties in the problem solving process.

The need also was expressed for streamlining the processes used for obtaining engineering
authorizations, and for developing consistent procedures that everyone could follow for borrowing
and obtaining parts. Due to a lack of consistent procedures, a lot of time and effort may go into one
particular method for getting a part and then when that method falls through the process must be
started over again. Procedures that incorporate alternate parallel tracks and action plans when parts
are needed are felt to be needed.

Difficulty with contract suppliers was expressed. The feeling was that contract suppliers need to be
given clearer expectations regarding what they are to deliver and quality requirements. Clearer
procedures and processes need to be conveyed to them, particularly in light of significant culture and
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time zone differences.

Finally, the low experience levels of some personnel were described as a problem. Due to a number
of layoffs, people with high seniority, but perhaps low experience levels in a particular job type are
more common. This has a significant impact on scheduling the technicians on particular tasks and
teams. With the perceived pressure to save money and do more with less, this issue was felt to have
an impact on performance as individuals might not be able to work with fellow team members as
much as might be needed.
Table 4.26 Barriers to Performance
Barrier Frequency
Lack of tooling; out-sourcing of parts 13

Parts availability; 10
determining status of parts

No backlog of critical parts 10

Non-integrated databases; redundancy of tasks; 10
hard to find needed information

Tracking the parts; 8
getting the parts to
the aircraft

Computerized Database: Spectre 8
Lack of support and feedback from management 8

Other organizations don't understand what we do, 8
problems we face

Lack of teamwork; 7
information being passed among & between team
members

Personality conflicts 7
Instability of organization 7

Downsizing of 6
organization

Shiftwork; fatigue 6

Computer system 5
in stores

Workcards; 5
changing of procedures
with aircraft

Need for better information and communicationto 5
solve problems locally

Streamline engineering authorizations 4

Poor housekeeping 4
and maintenance of tools

Computer system for customer service 3
Need more training on using Spectre 3
Need for more proactive procedures 3

Need to develop consistent procedures for 3
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obtaining/borrowing parts

Need more explicit requirements for contract 3
suppliers

Low experience levels of some personnel dueto 2
lay-offs and job changes

4.5 DISCUSSION

Based on the analysis of the SA requirements and resources for each organization (Sections 4.4.2
through 4.4.4) and the barriers and problems expressed (Section 4.4.5) several observations can be
made pertinent to team SA in the aircraft maintenance domain. The largest problem for team SA
exists when gaps are present between organizations or individuals. These gaps may be the result of
mismatched goals, lack of needed information on the part of one or both parties, lack of
understanding of the exact information that another group needs, or different interpretations of
information that is passed from another group.

Maintenance technicians face several challenges to meeting their SA requirements that can be linked
to team SA. First, technicians spend a great deal of their time and resources in ascertaining whether
they have the correct parts or when and how they will get the correct parts (A&P technician subgoal
1.1.1.1). A considerable gap exists between the technicians and the stores organization who often
may supply the incorrect part (due to difficulties with effectively number differences between
different aircraft models, for instance) or may not have the correct part due to stocking limitations.
These situations increase both the probability of error (incorrectly installing the wrong but very
similar part) and may lead to considerable inefficiencies, waste and delays. When parts are not
available, the technicians frequently must involve their leads and supervisors, maintenance control
and aircraft-on-ground to achieve this subgoal. This necessitates the involvement of several
organizations and personnel, all of whom need to be brought up to speed on pertinent situational
information to make good decisions. This process is time consuming and may be prone to
miscommunication errors, leading to SA problems.

The process of placarding also poses a significant problem (A&P technician subgoal 1.1.1.2).
Technicians may spend a considerable amount of time disassembling a system and trouble-shooting

to arrive at a diagnosis, only to find they cannot fix the problem due to an unavailability of parts or
schedule constraints. This is a process which is fairly inefficient and which they find very frustrating
due to lack of closure in addressing the very problems they are trained to fix. Completing repairs is a
factor from which they derive their major job satisfaction. Technicians get very discouraged when
they are not allowed to fix things that clearly need fixing. It is also a waste of time and human
resources to have to reassemble a subsystem and placard it so that it can be unassembled again and
fixed later on at another maintenance station. Although sometimes placarding is unavoidable, it is
generally best if problems can be fixed immediately. The system does not appear to be currently
optimized to avoid placarding, however. A review of the goals of other organizations, such as
maintenance control and its sub-organizations, reveals that they place far more emphasis on
remedying existing placards than avoiding new ones. This goal mis-match may be at the heart of
considerable misunderstandings between groups.

While technicians report a need to ascertain job status and schedule progress (A&P technician
subgoal 1.1.2), they currently get only limited information concerning these issues. While they
supply information regarding progress on their own tasks up the line on an ongoing basis, leads and
supervisors frequently provide little information back down the line over the course of a shift. Leads
reportedly did not feel that technicians really needed information on how the other team members
were doing in terms of progress on their respective tasks. Without this knowledge, the technicians
have no way to engage in compensatory activities (for example, pitching in to help each other), and
may not be aware of ongoing activities of other team members that may have an effect on their own
tasks (or vice-versa). In some cases, tasks must be done in a certain order. In other cases, certain
tasks can affect the activities of other technicians in a way that creates a safety hazard unless both
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parties take precautionary measures. Thus, a lack of up-to-date knowledge on within team progress
contributes to SA gaps within the maintenance team.

Although regulations are very specific regarding the criteria specifying when an item must be
repaired or replaced, discretion is available in allowing technicians to repair or replace items that
might be nearing the acceptable limit. It may be both safer and more time and cost effective to
promote this type of action in some circumstances (e.g., if a given subsystem already is disassembled
for other work and the part is available). Discretion is also available on items that are placardable:
they can be fixed immediately or placarded and sent to another station for later repair. Better sharing
of information is needed in regard to these issues so that technicians, leads and supervisors can make
decisions that are in line with defined organizational priorities and realities. (For example, they may
need the information that a given aircraft will only be going to other stations that are not well
equipped to fix the particular type of problem or that are overloaded.) Personnel need to understand
what current organizational priorities are and why. A shared understanding of the cost and benefit
tradeoffs in fixing things on the spot versus delaying repairs would allow them to form a better
understanding of situations they encounter and make better decisions.

In reviewing the SA requirements and resources of the maintenance leads and supervisors, it is
apparent that they serve largely in the role of coordinators and can become information "middle-
men." In addition to administrative duties, they become involved when problems arise and assistance
is needed, providing support themselves or interacting with other organizations (e.g., maintenance
control or AOG) to get needed support. This role is very critical in the process of achieving good SA
at the team level. When they become involved, supervisors and leads need to get a considerable
amount of situational information from the technicians or from others who may be in geographically
distributed locations. This process can be highly prone to information falling through the cracks or
can result in individuals not forming a full understanding of a situation. If supervisors do not have a
complete understanding of all pertinent information, for instance, they may not pass information on
that will allow maintenance control to make the best decision. In addition, leads and supervisors are
frequently responsible for passing information back to the technician. If they only pass information
regarding what the technician should do (the decision) but not regarding why the decision was made,
this may lead to both a lack of understanding by the technician and may deny the technician the
opportunity to volunteer information he or she may have that would be pertinent to the decision
being made. Leads and supervisors form a critical link in the SA chain between the various
organizations and need to have a full understanding of what information other people really need and
of how to get all the information they need themselves.

Stores (material services) appears to work primarily based on planned demands in order to obtain
needed parts in advance. Some stores personnel, however, reportedly do not understand the unique
differences between aircraft models and tail numbers that allow them to procure parts with the
proper effectivity number. (This problem appears to be at least partially due to problems in
documentation and the databases provided to them.) This situation leads to considerable problems
with technicians who complain of not having the correct parts. The lack of availability of needed
parts has been identified as one of the most critical factors in determining whether an aircraft will be
repaired or not. There also exist problems in keeping up with the status of the inventory when there
are numerous people who have access to parts and may not keep databases up-to-date. The greatest
SA need for this group is in determining methods to insure that they have correct information on
needed parts and to provide them with a better ability to project parts requirements (Level 3 SA).
While they do work with projections from planning and with typical part usage requirements, their
ability to project requirements for parts could probably be enhanced through better system feedback
and advanced planning.

Maintenance control (MC) and its sub-groups appear to function largely in a trouble shooting,
reactive mode. They become involved when help is needed and primarily focus on expediting
problem solution by bringing resources (parts, expertise, routing) to bear on identified problems.
They face several challenges in this role. Maintenance control has a great deal of general system
knowledge, both in terms of technical skill and documentation, at its disposal. Technicians in the
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field have the best situation knowledge, however, as they are on-site with the aircraft and have the
most contact with pertinent aircraft data. The challenge is to combine these two sources of
information most effectively to arrive at proper diagnoses and solutions. This gap between those
with situation information and those with the best technical knowledge may be reduced with
improved understanding between the two groups or from technologies that assist in the sharing of
information between the two groups.

Although the stated goal of maintenance operations control (MOC) is to minimize placards, it should
be noted that it primarily focuses on making sure existing placards do not exceed prescribed time
limits. The process seems to be to first approve placards (if allowable) and then to work to remove
them. Neither MOC nor MC appear to focus on proactive tasks to avoid placards in the first place.
This state of affairs also appears to form a gap between these organizations and the technicians in the
field. It may be that some organizational streamlining between MOC and MC may also be of benefit,
reducing the need to have distributed decision making in meeting their shared goal.

In reviewing the SA resources used by each group, several general comments can also be made. It
appears that the technicians interact mostly with other team members on site. Moving up in the
organization, leads and supervisors are far more likely to interact with other groups (such as
planning, stores, and maintenance control) and with maintenance units at other stations, as are the
support organizations. These groups have an increased need to understand the other groups with
which they interact. For example, understanding the differences between maintenance sites
(manpower availability and skill levels, load levels, parts and equipment availability) may be very
important in allowing personnel to develop a good understanding of the impact of decisions or to
understand why other organizations are making certain statements. These issues are very important
to effective decision making, particularly when organizations are geographically distributed and such
differences may not be evident. Each maintenance site also needs to be able to share relevant
information (e.g., problems detected with certain aircraft or parts) across sites in order to allow the
whole organization to achieve the highest knowledge level possible. Across the organization,
members of each group need to develop an understanding of what information is needed by other
groups and how to clearly pass on needed information about their own situations.

4.6 TRAINING RECOMMENDATIONS

Several training concepts should be explored for improving Team SA within the maintenance setting
based on this analysis and discussion, in addition to the technology enhancements that were
recommended in Section 4.4.4.

(1) Shared mental models - From the analysis it was determined that different teams (organizations)
do not have a good mental model of what other teams know, do not know, or need to know. Good
situation awareness at the team level depends on having a clear understanding of what information
means when it is conveyed across team members. Thus teams need to share not only data, but also
higher levels of SA, including the significance of data for team goals and projection information.
This process is enhanced greatly by the creation of a shared mental model that provides a common
frame of reference for team member actions and allows team members to predict each other's
behaviors. A shared mental model may provide more efficient communications by providing a
common means of interpreting and predicting actions based on limited information, and therefore
may form a crucial foundation for effective teamwork. When shared mental models are not present,
one team may not fully understand the implications of information transmitted from another team
and misunderstandings, errors and inefficiencies are likely to occur. By providing each team with
better information on the goals of other teams, how they perform their tasks, and what factors they
take into account in their decision processes, a better shared model can be developed. This should
greatly enhance not only interpersonal interactions among teams, but also the quality of the decision
processes.

(2) Verbalization of decisions - There also exists a need for teams to do a better job of passing
information to other teams regarding why they decide to (or not to) take a particular course of action
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(e.g., deferments, schedules, etc.). Unless the rationale and reasons are passed along, considerable
misunderstandings may occur. In addition, this will deny the possibility of getting better information
from the other team, who may have access to other pertinent information that would make for a more
optimal solution. Conveying why a particular decision was made provides a much greater level of
SA (particularly at the comprehension level). It allows other teams to either understand and accept
the decision or to offer other solutions that may be better in achieving organizational goals. More
information also needs to be conveyed on what diagnostic activities have been performed when
passing aircraft to another station, and a need exists for better communications between stations and
teams in general. Training that focuses on teaching people to verbalize the rationale behind decisions
and provide greater detail regarding diagnostic activities should help improve Team SA
considerably.

(3) Better shift meetings and teamwork - Team leads need to receive explicit training on how to (1)
run a shift meeting to convey common goals for the team, (2) provide a common group
understanding of who is doing what, (3) set-up an understanding of the inter-relationship between
tasks and personnel activities and (4) provide expectations regarding teamwork. Shift meetings
provide an excellent opportunity to provide this shared understanding among the members of a team.
This information is crucial for allowing team members to have a good mental model regarding what
everyone is doing and how tasks inter-relate so that they can have good SA regarding the impact of
their actions and tasks on other personnel and on the overall goal. Team leads also need to receive
specific training on the importance of passing information on job status within teams over the course
of the shift. Without this type of feedback, people can easily lose sight of how they are progressing
in relation to the other tasks being performed. This feedback is important for individual performance
and SA, and also for fostering a team spirit in carrying out activities.

(4) Eeedback - Currently, personnel receive little feedback on how well a particular solution worked.
A tricky diagnosis and repair may have been totally successful, or may have failed again a few days
later at another station. At present, it is very difficult to track the performance of a particular action
or part (partially due to the cumbersome nature of the computer system). Such feedback is crucial to
the development of better mental models of the technical systems on which technicians work.
Without such feedback, it is very difficult to improve one's diagnostic skills. While system
enhancements are recommended to help with this problem, it is also recommended that people be
trained to provide such feedback. Not only do managers and leads need to take an active role in
providing this feedback, but technicians (and others) can also be trained to provide more feedback
(either over the phone or through the computer system) on what worked and what didn't.

(5) SA training - Common problems can be linked to SA failures in a number of systems, including
(1) forgetting information or steps, frequently in association with task interruptions, (2) not passing
information between shifts or team members, (3) missing critical information due to other task
related distractions, and (4) misinterpreting information due to expectations. Training can be used to
provide heightened awareness of these problems and ways of combating them. For instance, task
interruptions are a common problem leading to SA errors. Frequently such interruptions lead to
skipping steps or missing activities. Personnel can be trained to take particular measures following a
task interruption (double check previous work performed, double check area for loose tools, etc.).
This type of training may be useful for helping maintenance personnel to insure that they are not
missing critical information in the performance of their tasks.

Results from the SA requirements analysis conducted here provide a firm foundation for identifying
the knowledge, skills, and abilities (KSA) that maintenance personnel need to attain a high level of
SA. The SA requirements identified in Section 4.2 provide information on the specific knowledge
that maintenance personnel need to achieve a high level of SA for completing their tasks. Providing
personnel with knowledge is not enough, however. Maintenance personnel must also have the skills
and abilities required to effectively communicate that knowledge, and need the ability to recognize
which information needs to be exchanged among and between team members. Several gaps between
teams were discussed in Section 4.5. To address these gaps, the training concepts proposed here may
be useful as a means of enhancing the skills and abilities needed for achieving a high level of SAin a
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team environment. This information will be used to develop the proposed training concepts into
deliverable training programs in future efforts.

4.7 CONCLUSIONS

Overall, the applicability of the concept and importance of situation awareness in maintenance teams
has been supported in this analysis. Teams of technicians are supported by many other personnel and
organizational units to achieve their goals, each of which has a major impact on the attainment of the
these goals. In this context it is necessary to examine how information flows between and among
team members in order to identify system and personnel factors that will impact on the degree to
which team members are able to maintain an accurate picture of an aircraft's status. This knowledge
appears to be crucial to their ability 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.).

In addition to specifying the role of SA in an aircraft maintenance environment, an assessment was
made of systems and technologies used to support SA in this organization, and potential areas for
improvement identified. In addition, concepts for improving SA among and between team members
through training were identified. It is recommended that these concepts be prototyped and tested to
determine whether team SA can be improved through the methods identified and organizational
effectiveness thus enhanced.
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CHAPTER 5
JOB AIDING

Ed Crowther and Michael Merriken
Information Division, Galaxy Scientific Corporation

5.1 INTRODUCTION

Human-centered job-aids can greatly impact the performance of maintenance and inspection
personnel as well as aviation safety inspectors. Our experiences with the Performance Enhancement
System (PENS) project would be very useful to the aviation industry. Three separate projects were
conducted that used various PENS-related job aiding concepts. In one project, we developed a job
aid to support the audit conducted by the Coordinating Agency for Supplier Evaluation (CASE). The
second project developed a job aid that incorporated the AFS Job Task Analyses (JTA), which are
paper-based sets of information that comprise the steps and resources required by the aviation safety
inspector (ASI) to perform inspection activities. These JTAs were used to develop a computer based
job aid prototype (Inspector's Task Book) to support the ASIs. Finally, we created a prototype job-
aid for the Civil Aeromedical Institute (CAMI) to collect and distribute data on alcohol and drug test
results. This report outlines all these activities. A pen-computer based application was also
developed in the research program in partnership with United Airlines. That project has been
reported in Chapter 6.

5.2 THE CASE JOB-AID: TRANSITION OF PENS CONCEPTS TO INDUSTRY

The success of the Performance Enhancement System (PENS) has brought the aviation industry's
attention to the possibilities of supporting mobile maintenance technicians and auditors with portable
computing technology. During the last year we have worked with a partner airline to field and
evaluate a prototype job aid, and then transition that prototype to an operational system. The
following is a description of the features of the job aid and the results of the field evaluation.

5.2.1 Airline Partner's Needs

Our partner airline has a group of Vendor Surveillance Analysts within its Technical Standards
office. They use a variety of forms to document the results of their quality assurance audits. Also,
they have standards that support the criteria of their audits. These standards are based in-part upon
Federal regulations (Federal Aviation Regulations, Airworthiness Directives, etc.). The Vendor
Surveillance group is responsible for auditing companies who supply materials and services to the
airline. They ensure that those companies are in compliance with Federal guidelines and with
industry standards. Our partner airline is a member of the Coordinating Agency for Supplier
Evaluations (CASE). The CASE organization is a consortium of airlines that pool their resources and
share audit data. If a CASE member, e.g., our partner airline, evaluates a supplier and certifies that
the supplier is in compliance with Federal regulations and CASE standards, then other CASE
members know that they can use the supplier without having to perform their own audit. CASE
provides auditing forms and standards to its members. There are currently six CASE forms, although
this number changes as new forms are added and old forms are retired.

The partner airline also has a group of Compliance Auditors who focus their investigations upon

company maintenance bases. This group uses the same types of mechanisms (i.e., checklists and
standards) in performing their duties. The Compliance Auditor group is responsible for ensuring that
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our partner airline's maintenance operations are in compliance with Federal guidelines and with its
own standards. The Compliance Auditors use approximately 32 forms.

Based on our discussions with the partner airline, it was evident that both audit tasks have data
collection and documentation reference requirements that could be addressed by the technologies
employed in the Performance Enhancement System research.

5.2.2 Software Prototype

Two prototype job aids were developed - one for Vendor Surveillance Analysts (CASE Job Aid) and
one to support the Compliance Auditors. These prototypes were developed for use on pen computers.
It was hypothesized that pen computers would provide the auditors an ease of use similar to that of
the clipboards they normally use. Data collected with the job aids are stored in databases and can be
printed out in standard report formats or exported to Microsoft Word. This is a vast improvement
over the current method of manual transcription of handwritten paper forms. The reduction in paper
work realized from use of the job aid results in considerable time savings.

For the CASE job aid, we developed an application that contains four of the forms Vendor
Surveillance Analysts use most frequently. The forms are separated because a vendor will normally
provide just one type of the supplies or services that the auditors are responsible for reviewing. An
example is shown in Eigure 5.1. The application allows an inspector to identify whether a vendor is
in compliance and to make a comment for each item on the form, as shown in Figure 5.2.

Figure 5.1 Form to Collect Audit Data

| CASE - [CASE Air Carrier Section - Component RepairfOverhaul Yendor [Pant All
Form “Window Table of Contents General Comment Help

= = = CACS-20
D= |=] &S]
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4
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to the public? [1L] (YES M HOD (O H/A

[* Comment

2. ANTI-DRUG TESTING PLAN [1M] @

A D the ROV h FAA d anti-d lan?
oes the aye an approved anti-drug plan TS WD S

[® Comment
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Figure 5.2 Dialog Box to Make Comments on Each Form
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The application also contains links to the CASE standards appropriate to the questions on the
auditing forms. This allows an auditor to access the standards for reference while performing an
audit. As shown in_Figure 5.1 there is a button next to a surveillance item ("Does the ROV have an
FAA approved anti-drug plan?") that identifies the standard. When an auditor clicks on the button,
the standard appears in Windows Help, as shown in Eigure 5.3. Auditors liked this capability
because they could read the standard and because they could copy and paste it into their reports.
Whereas their reports previously contained the auditor's recollection of the standard, they now
contain the standard's exact wording.

We developed a similar application for the Compliance Auditors. Unlike the Vendor Surveillance
application, forms are saved in “sessions" (i.e., all forms used in a given audit are saved together).
This difference in design results from the fact that a given maintenance facility of our partner airline
normally performs several different types of maintenance and requires multiple forms. Because the
content of the forms is proprietary to our partner airline, we cannot publish examples. However, the
format and content are very similar to the Vendor Surveillance forms.

Figure 5.3 The Case Standard is Displayed Appropriate to The Question on The Audit Form.
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5.2.3 Evaluation

Both prototype systems were fielded for evaluation with auditors from the partner airline. Pen
computers loaded with the job aid software were provided to the auditors for use during field
inspections. The software also was loaded on the auditor's desktop workstations. This allowed
auditors to both use the software on the road, and to familiarize themselves with it in the office. The
evaluation period lasted approximately ninety days, ending in April 1995.

The Vendor Surveillance auditors (CASE audits) were very enthusiastic about the prototype audit
software, and used it on several of their audits. Their favorite features were (1) the portability of the
equipment, (2) the ability to record comments that become integrated into output reports, and (3) the
on-line standards which can be easily accessed and copied into comments. The evaluating auditors
estimated that use of the job aid reduced the total time to perform an audit by 25 - 30 %. In general,
the auditors said that they saw a definite utility for this type of technology in their field.

The fielding of the Compliance Audit prototype did not go according to plan, due to scheduling
changes at the partner airline. As it turns out, our partner airline closed twenty-one of its over forty
maintenance bases in the period during which the prototype was being created. As a result, there was
only one Technical Standards audit scheduled during the evaluation period. The Compliance
Auditors did spend some time reviewing the software, but not through any practical field use.

Evaluators indicated that the Compliance Audit prototype suffered from the lack of standards on-
line. Of course, this was due to the partner airline's reluctance to let us put their proprietary
information on-line. Another shortcoming identified in the prototype related to the fact that the
compliance criteria and checklists change frequently. There is no mechanism in the prototype to
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easily modify the contents of the checklists. While a software developer could make the changes, it
would be extremely difficult for an end user to do it. This makes maintenance of the software an
expensive task. The evaluators indicated that they would like to have the capability to author the on-
line checklists themselves.

The Vendor Surveillance auditors (CASE audit) expressed similar concerns about the inability to
modify checklist contents. However, the CASE checklists and standards are fairly stable. Thus
modifications would be infrequent and minor.

The only features of the software that the evaluating auditors were unhappy with were associated
with pen computing technology. The transcription capabilities of the software, for converting both
handwritten data and handwritten comments to typed text, were unsatisfactory to the auditors. Also,
when they attach a keyboard to the computer for typing, they had difficulty in placing the mouse
pointer with the pen. It switched back and forth between a handwriting and point-and-click device
every time the pen was touched to the screen, impeding the process of editing a document. It was the
general opinion of the auditors that a standard laptop computer without Pen Windows (and hence a
mouse or trackball point-and-click device) would be more convenient to use.

5.2.4 Development of Operational System

Based on the results of the field evaluation, it was decided that the CASE Vendor Surveillance
prototype software would be developed into an operational software system for delivery. The CASE
evaluators were pleased with the prototype, and indicated that it would play a useful role in
performing field audit tasks.

It was also decided that no further development would take place on the Compliance Audit
prototype. Because of restrictions on the availability of standards information, and because of a
limited amount of usage during the evaluation period, we determined that it would not be feasible to
construct a useful operational system from this prototype.

The CASE software system was developed as a final output to this research task. The CASE system
was based upon the CASE prototype software. Enhancements were made to the prototype as a result
of the findings of the field evaluation. The major modification involved the dismantling of pen
computing technology -- the software can now run on any laptop or desktop PC without the need for
Windows for Pen Computing. Other modifications include:

The addition of summary reporting: Summary reports are printouts of just the comments that a
user made during an audit. Such reports provide a concise description of those specific areas in
which a vendor did not perform as expected.

Additional file management utilities: Over time the number of records contained in the hard
disk of the auditors portable platform can become extensive. The ability to remove outdated audit
records from the database was provided with this modification.

General comments areas: Users requested a space to put comments that did not apply to any one
area on the audit checklist. The general comments area stores such comments. General comments are
printed out at the end of the complete checklist report, and at the top of the summary report.

On-line Help: This module provides standard user help information, and serves to round out the
operational software system.

5.2.5 Presentation and Distribution of Software

The CASE software system was presented to members of the CASE consortium, at their semi-annual
meeting in May 1995. The software was presented to an assembly of each of the consortium's three
sections. In total the prototype was seen by approximately 120 representatives from major
commercial airlines, aircraft manufacturers, and aerospace/marine repair organizations. During the
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presentations, extra copies of the Human Factors Issues in Aircraft Maintenance and Inspection '95
CD-ROM were distributed to meeting attendees. The CD-ROM contains a demo program that
describes the features of the CASE software.

The CASE software was well received by each audience. Many attendees expressed a desire to see a
greater use of technology in their job tasks, and look forward to the release of the software as a part
of the next Office of Aviation Medicine CD-ROM.

The CASE software system was released as a part of the Human Factors Issues in Aircraft
Maintenance and Inspection '96 CD-ROM. From this CD-ROM users are able to install the
operational software and databases so that they can then run the program from their local hard disks.

5.3 CAMI JOB AID FOR COLLECTION AND DISTRIBUTION OF DATA

The Office of Aviation Medicine (AAM) recommended that the Civil Aeromedical Institute's
(CAMI) Toxicology and Accident Research Laboratory would benefit from the creation of a data
collection and distribution application for alcohol and drug test results. The goal was to provide
improvements such as a prototype data collection, data distribution and information display
application that would run on Windows PC-compatible computers. This research laboratory stores
and analyzes toxicology data derived from tissue and fluid samples collected from aircraft crew
members who are suspected to have been flying while intoxicated. These individuals may or may not
have been involved in an aircraft accident or incident. The Flight Standards Service is responsible for
collecting such data and communicating it to Civil Aeromedical Institute (CAMI) as part of normal
accident and incident investigation procedures.

The laboratory sent forms and instructions to the field offices in the Fall of 1994. To date, however,
the laboratory has not received any data from the field. It was proposed that the usability of the
forms issued by the laboratory could be greatly improved by implementing them in a user friendly
software application. Because the forms are very simple and require data that the inspectors already
collect in the course of such investigations, they were prototyped very quickly. The data collected
would then be sent to the laboratory via a modem and a bulletin board system.

We developed a toxicology information and drug report job aid software that promises to provide an
improved means of collecting data, data distribution, and information display for Flight Standard
Service (AFS) personnel and communicating it to Civil Aeromedical Institute's Toxicology and
Accident Research Laboratory.

The CAMI job aid will improve the means of collecting data by eliminating the cumbersome
paper/pencil method. The data collected by AFS will be sent to the Civil Aeromedical Institute via
modem and bulletin board system. The data collected is saved and displayed on electronic forms
compatible with the Civil Aeromedical Institute standards. The software was developed with the
assumption that the users are familiar with MS Windows.

5.3.1 CAMI Job Aid Prototype

The purpose of this task was to develop a working prototype that would demonstrate the ability to
collect and distribute data from drugs and alcohol test results in an efficient and effective manner.
The prototype followed the Microsoft GUI standards to interactively guide the users through the task
and allow users to collect and distribute data properly.

In designing the prototype, it was with the understanding that it must conform to the MS Windows
GUI standard and be able to add any features to assure that both novice and expert users can use the
software with minimal assistance and training.

The CAMI job aid is a single stand-alone application. It is a multiple-document interface (MDI)
application and contains a main window (Figure 5.4). The main window contains a menu bar, tool
bar, and status bar. The menu functions correspond to the tool bar functions. The user can either
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0]

select File-Create New Report or click the New Report button
=

to create a new report, or File-

Open Existing Report or click Exiting Report button to open an existing report. The same

applies for printing @ and saving ===, Clicking on the new button brings up the Report
Information requesting Inspector 1D, date of report, and report ID (Figure 5.5). When all the
information is completed, clicking the OK button brings up the Accident/Incident Report form
(Figure 5.6). Data is collected by entering it in the Accident/Incident Report form. When all data are
filled in, clicking the save button on the toolbar will save the current information to the database. If
users want to work with data that has been collected previously, they may select the Existing Report

button or from the menu select File-Open Existing Report which will pop up an Existing Report

dialog (Figure 5.7).

Double-clicking on a particular report will bring up the Accident/Incident Report form with data that
has been saved. If any changes are made to the form, the user will be notified that data have been
changed and asked to save them.

The print function button on the toolbar applies to the printing of Accident/Incident Report form
only. Users may print the current form or formatted text from the menu.

5.3.2 CAMI Job Aid: Strengths and Weaknesses

This section describes the strengths and weaknesses of the CAMI job aid as well as description of
possible future enhancements.

CAMI Job Aid Strengths

This prototype demonstrates features that make data collecting and retrieving an easy job for
inspectors. The CAMI job aid was developed with the look and feel of a standard Windows word
processor to make using the software easy for novice as well as expert users. By conforming the
Windows standard, we are optimistic that the CAMI job aid will be received well.

The data collected by CAMI will reside in one location and can be accessed via not only CAMI
software itself, but also by other tools such as MS Access as a means of getting to the data.

CAMI Job Aid Weaknesses

Due to the short development time, this prototype only shows some of the features that enhance the
way data are collected and distributed electronically. The noticeable feature that CAMI job aid lacks
is the inability to delete an existing record from the database.

Another weakness is the lack of on-line help that can be resolved with additional development and
support resources.

Figure 5.4 Main Window for CAMI Job Aid
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Figure 5.6 Accident/Incident Report form
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Possible Future Features

Additional forms may be added to the existing software if and when needed. It would be
advantageous to automate the process of upload/download of CAMI data.

5.4 JOB TASK ANALYSIS: INSPECTOR'S TASK BOOK

The Job Task Analyses (JTASs) hold the promise of providing a great deal of assistance to inspectors
who must perform activities infrequently. The JTAs list all of the resources and steps required for an
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AFS Aviation Safety Inspector (ASI) to perform a variety of inspection and investigation activities.
These JTAs would be invaluable in the field. The purpose of this task was to develop a working
prototype job aid to demonstrate the capability to provide on-line display of JTA reference sheets.

This prototype job aid used the capabilities of MS Windows and the MS Windows GUI standards
not only to show the task sheets on the screen, but also interactively to guide an inspector through
the task and allow him to automatically access on-line documentation related to that task. We called
this prototype the Inspector's Task Book (ITB).

To be included in the Inspector's Task Book (ITB) several JTAs were converted from their paper
versions so that they can be accessed in conjunction with the Performance Enhancement System
(PENS) software now called the On-line Aviation Safety Inspection System (OASIS). The ITB was
developed in a manner similar to Microsoft (MS) Windows Help. Thus, the JTAs in the ITB can be
accessed at any time while performing an inspection. Ideally, the JTAs would also contain links to
the policy guidance systems, but the commercial vendors providing policy guidance can not support
such capability yet.

5.4.1 The Inspector's Task Book: Design Fundamentals

In designing the ITB prototype job aid for the JTA program, we developed a set of fundamental
considerations which will maximize the usability and utility of the program.

Because the ITB operates in MS Windows, it must conform to all MS Windows GUI standards. This
allows both veteran and novice users to learn the system with minimal training, and cooperates well
with other MS Windows programs.

This program is one component of a suite of tools envisioned by Galaxy Scientific for the
enhancement of FAA inspections. As such, the ITB was built to dovetail with other tools in the
OASIS suite, primarily the Inspector's Field Kit (IFK). The IFK provides access to all the forms for
an inspection activity.

The ITB provides quick, context-sensitive access to the IFK. This allows the user to switch to the
inspection activity suggested by the current job task analysis. Likewise, the IFK provides a path back
to the ITB, such that the current inspection activity may be viewed in light of the appropriate job
task.

Also, since these two utilities together provide a solid, structured approach to aviation inspections,
they must coexist in the MS Windows environment in a way that allows the user to switch back and
forth between the two. The ITB was designed to be small enough to be seen on the screen along with
the IFK without interfering with the inspector's use of either program.

5.4.2 The Inspector's Task Book: Description of the Prototype

The Inspector's Task Book (ITB), in its normal configuration, is contained in a single, small window
that may fit conveniently to one side of the user's screen. It contains a standard MS Windows title
bar and menu bar. The body of the window contains the title of the selected job task analysis along
with a series of buttons that provide detailed information about that task (see Figure 5.8). These
buttons include those for the purpose of the task, legal references pertaining to the task, procedural
guidance annotations appropriate to the task, significant interfaces encountered during the
performance of the task, and forms that will be used during the execution of the task. By clicking on
any of these buttons, the user will be shown the details provided in the job task analysis.

Figure 5.8 The Main Window for the Inspector's Task Book
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Task Switches 7

1.2.1
Conduct an
Enforcement
Investigation

I Purpose

I Legal References

[ Procedural Guidance

" Significant Interfaces
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To show the separate steps and sub-steps involved in the completion of the task, ITB utilizes an
"expanding window". When the Show Checklist button is clicked, the width of the main window
expands to show a list of the required steps (see_Eigure 5.9). By highlighting a particular step and
clicking on the Ref (Reference), Trn (Training) or Spc (Specialization) buttons, the user will see
pop-up details for the step.

Figure 5.9 The Inspector's Task Book, with Expanded Window
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Selection of a particular job task analysis is accomplished through the Task menu (Task - New).
This will display a hierarchical list of all available JTA sheets, from which the user selects the
particular task to be displayed.

The inspector can switch to the IFK through the Task menu (Task - Field Kit). The program
determines which activity number is suggested by the current job task, or, if multiple activities are
supported, it presents the user with the list of possible activities. Once the activity is determined, the
IFK will be launched, automatically beginning with that activity.

5.4.3 The Inspectors Task Book: Software Development

Tools Used

Visual Basic Pro - Visual Basic was our language of choice for this prototype. It allows us to
quickly put together fully functional applications in a minimum amount of development time. The
"Pro" version adds extra controls (e.g., Outline) to the standard list of VBX controls that come with
the standard VB package.

VB HelpWriter - In earlier evaluations (during the development of IFK), we found VB
HelpWriter to be an easy-to-use, fully featured, WYSIWY G help creation utility. It also supports
automatic generation of glossaries and help contexts, through unique links to Visual Basic.

Paradox 3.5 - Development with the Paradox 3.5 database is one of the requirements of the
IFK, due to the current widespread usage of that package among existing FAA systems. We chose to
use this database in the development of the ITB in an effort to avoid incompatibilities with other
PENS utilities.

Tools Not Used

TrueGrid Pro - In order to implement the steps and sub-steps as a checklist, we purchased and
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evaluated a checklist VBX called TrueGrid Pro. This third-party control is a full-featured checklist
add-on. It was selected for its ability to use buttons, drop-down lists, and other controls within the
grid. We discovered, however, that its wide range of functionality also created a poor development
interface, in that the control of its features is difficult. Instead, we decided to implement the steps list
using the standard Visual Basic controls.

5.4.4 Inspectors Task Book: Strengths And Weaknesses

This section explores some of the strengths and weaknesses of the ITB prototype, as well as a
description of possible future enhancements to the program.

ITB Strengths

This prototype demonstrates some of the features that will make it an indispensable tool for guiding
users through an inspection task. The implementation as a Microsoft MS Windows program and the
adherence to MS Windows standards allow the ITB to take advantage of facilities inherent to the MS
Windows operating system. MS Windows has proven itself to be a user-friendly environment,
allowing experienced users to switch from one program to another without a significant learning
curve, and allowing beginning users to quickly learn the program through intuitive actions. This
implementation also allows possible connections to built-in resources such as printing and
communications.

Another strength is the ITB's compactness. The presentation of the window as a small, stay-on-top
window with buttons to activate only the required information, allows it to show as much
information in as small and unobtrusive manner as possible.

One of the greatest strengths is the way in which the ITB interacts with other tools in the PENS
applications, most notably with the Inspector's Field Kit. By building inspection tools which interact
with each other and which share information, Galaxy Scientific is creating a computerized
environment which will ultimately aid in all aspects of the process of aviation inspection.

ITB Weaknesses

Due to the short development time and the availability of certain tools, this prototype can only
demonstrate the basic functionality of the on-line JTA information.

Conspicuously absent are direct links to on-line documentation such as the inspector handbooks,
which are referenced in each of the job task analyses. By clicking on a particular procedural
guidance annotation or legal reference for example, the user would expect to be able to view the text
associated with that reference. Currently, such references are not available on-line. However, the
program was developed with the software hooks for such an interface. When these documents
become available, they may be easily integrated into the existing prototype.

Approximately 10 job task analyses have actually been implemented into the ITB prototype. These
tasks were arbitrarily selected from available information. Before the ITB may be regarded as a truly
useful program, the remaining 500+ JTAs must also be imported into the program's database. This
requires a level of cooperation and coordination between Galaxy Scientific and the developers of the
JTA information. This is currently being explored.

Another shortcoming of the prototype is the absence of direct form links into the IFK. Many of the
job task steps and sub-steps refer directly to particular forms that must be completed in the course of
a task. However, since both the IFK and the ITB have limited forms and task information completed,
such a linkage is not yet possible, but will be developed as the two programs evolve.

Finally, there have been no formal tests of the ITB program. A testing effort to prove the viability of
this program would necessarily include both usability studies and field testing, neither of which have
been included in the initial scope of the project.
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Possible Future Features

In addition to addressing the aforementioned weaknesses in the program, the ITB would be enhanced
by the addition of further functionality.

The ability to highlight and check off completed tasks, to add comments and to save this information
will allow the inspector to keep better records of the job task. These records could be saved and
recalled later for tracking purposes or to aid in future inspections.

Any information gathered in the course of performing a job should also be shared with other utilities
in the PENS suite of tools. Such information sharing will be defined as the development of the series
progresses.
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CHAPTER 6
PEN COMPUTER BASED NON-ROUTINE REPAIR
WRITE-UP SYSTEM

Julie Jones, Mike Christodoulou, and Dan Thompson
Information Division, Galaxy Scientific Corporation

6.1 INTRODUCTION

In the past, the research program has investigated the use of pen computer technology for inspection
and auditing tasks in cooperation with FAA Flight Standards Service (Layton, in press). This line of
applied research has been well received by industry representatives as a valuable aspect of the
research program. This year the research program once again teamed up with industry
representatives to study other applications of pen computing technology. One of the applications was
developed for the Coordinating Agency for Supplier Evaluation (CASE) and is reported in Chapter 5
of this phase report.

This chapter describes another application developed in conjunction with personnel from United
Airlines (UAL) Oakland Modification Center to use pen computer technology for the collection of
non-routine repair write-up information during heavy maintenance inspections. The system design
and software development were completed solely under UAL funding. However, UAL allowed the
research team to conduct a pilot study using the pen computer based non-routine repair system in the
Oakland facility. This report describes the UAL Pen Computer Non-Routine Write-up System, its
development, the pilot study and its conclusions so that other industry personnel can benefit from
this endeavor.

6.2 NON-ROUTINE REPAIR WRITE-UPS: CURRENT SYSTEM

Heavy maintenance checks of aircraft are scheduled to occur at regular intervals. Standard
inspections are performed for each type of maintenance. For safety reasons, the FAA requires an
airline to document every maintenance action that is taken on an aircraft. Standard inspections are
typically documented using a routine inspection job card. However, a substantial number of
maintenance actions are not covered by a routine job card. A non-routine repair write-up form is
used to document such maintenance actions.

When an aircraft arrives at the maintenance facility for a heavy maintenance check, the airplane is
opened up in preparation for the preliminary inspection. During preliminary inspection, the
inspectors use standard job cards to assess what maintenance work is needed on this particular
aircraft. During the preliminary inspection process, a number of non-routine repair write-ups are
generated by the inspectors. These write-ups represent additional work that must be completed in the
scheduled time-frame of the visit.

After the inspector generates a number of write-ups, the forms are wanded into a bar coding station
for transmission to a central data base. The paper forms are left in the planning center for additional
processing. First, a lead mechanic processes the paper write-up, indicating what repair is to be
performed. The lead also provides an estimate of the number of hours that will be needed to
complete the repair. The planner/analyst uses this information to plan man-power needs. One or
more mechanics will complete the non-routine repairs and sign-off the non-routine form, on the
portion of the repair they have performed. When the repair is completed, the non-routine repair form
is returned to the planning center. An inspector must then verify that the repair has been completed
properly and sign-off on the repair. This last step is known as buy-back. Finally, there is an audit
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process that verifies all the paper work is accounted for and that all standard and non-routine
maintenance have been completed prior to releasing the aircraft for service.

6.2.1 Problems Associated with the Current System

The current paper process has been used successfully to generate and track non-routine repairs.
However, the airline can save money by improving the efficiency of the process. For example, time
is lost when write-ups are not easy to read or are incomplete. In such cases, work cannot proceed
until the inspector is tracked down and clarifies what has been written on the write-up form.

Tracking and planning is also hindered by the current system. There is little ability to analyze the
non-routine repairs reported over time. Common repairs can become part of the routine maintenance
planned on a particular aircraft. This is partly due to the lack of a database of defects and locations.
Another major hindrance to such analysis is the lack of standardized terminology for identifying
defects.

Inspectors have indicated that they frequently rely on reference material that is not available to them
at the inspection site. It is not practical for the inspector to carry around the complete set of reference
material in paper form. Therefore, in order to access the reference material needed to correctly
complete an inspection, the inspectors must often leave an inspection area.

The inefficiencies described above generally translate to lost time, which in turn translates to lost
money. One element of the current process can be quantified directly in terms of costs. This is the
cost of the paper write-up forms themselves. These forms are specially printed in quadruplicate to
support tracking of the paper work. (See Figure 6.1). Consequently the cost of these specialized
forms is relatively high. The number of forms used per aircraft maintenance visit varies depending
on the type of aircraft, age of the aircraft, and type of maintenance visit. UAL found that it uses
anywhere from approximately one thousand to five thousand write-ups per visit. When multiplied by
the number of maintenance visits that are that are completed each year, the figure that results is
significant in terms of maintenance costs.

Figure 6.1 Current UAL Non-Routine Write-Up Form
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6.3 NON-ROUTINE REPAIR WRITE-UPS: THE AUTOMATION APPROACH

The United Airlines personnel were well aware of the problems associated with the current non-
routine repair write-up system. The question of how to improve the process had been discussed both
formally and informally for years. An automated approach to the process was desired, but the proper
technology was needed before it could be implemented. United personnel learned of the results of
the first fielding of pen computers for the Flight Standards Service that was performed as part of the
FAA/AAM Human Factors research program (Layton, in press). Given that pen computers are
similar in size to the clip boards that inspectors carry during preliminary inspections, there was
interest in this relatively new technology. In June 1995, UAL funded a project to determine if pen
computer technology was a viable alternative to the current paper-based method for generating and
tracking non-routine repair write-ups.

6.3.1 The Goals

The immediate goals of the initial project were two-fold. First, UAL wanted to determine if pen
computer technology was a feasible solution for this aircraft maintenance application. If the
technology proved feasible, many of the problems identified above could be addressed. Second, the
project would allow inspectors and other personnel to evaluate various brands of pen computers to
help select appropriate hardware. The long-term vision of the project was to provide better tools to
the inspectors, lead mechanics, and planner/analysts in order to improve the creation and processing
of non-routine repairs. The expected result was a reduction in the time it takes to complete a
maintenance visit.
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6.3.2 Expected Benefits of Pen Computer Based System

The pen computer approach provides solutions to many of the problems listed with the current
system: cheaper paper forms, language standardization, improved database to support planning and
analysis. In order for the automated system to be successful, however, it must provide sufficient tools
and support for the inspectors so that they are willing to use the system. The expected benefits of the
system for inspectors include:

Less handwriting (e.g., pick-lists, duplicate write-ups)

Standardization of language (e.g., constrained fields)

Information is complete (system checks write-up before saving)

Improved readability of printouts

All Inspectors will be "Rovers" (no longer constrained to one area of the aircraft)
Transfers occur automatically during breaks

Easier to review write-ups after transfer

Easier to get reprints if needed.

Note that inspectors were not expected to generate write-ups more quickly using the pen computer
write-up system compared to the paper forms. It was also noted that the initial system had limited

benefits compared to the operational system that is planned. If the technology proves feasible, the

additional benefits include:

Expanded database to handle entire UAL fleet

Wireless radio frequency (RF) transfers data transparently and "instantaneously™
Access to on-line reference material

Automated routing of information

Improved planning/scheduling.

In essence, the bottom line benefit of the full system would be to improve the collection and flow of
non-routine repair information to reduce the time it takes to complete a maintenance visit.

6.3.3 Pen Computer Models Evaluated

Pen computers are a general class of computer that employ a specialized operating system which
allows a pen stylus to be used as an input device. This stylus can be used to print characters that are
then "recognized” and converted to digital representations of the character. Pen computers have
evolved over the past five years. A wide range of pen computer technology has become available,
from low-end personal digital assistants to slate computers to "convertibles™ with both a pen stylus
and a standard keyboard.

Table 6.1 lists the minimum specifications desired for the pen computer hardware and software to be
used for the Phase 1 inspector system platform. Several models of pen computers were considered
for inclusion in the field study. However, for a variety of reasons, some models were not actually
fielded.

Table 6.1 Specifications for Inspector Pen
Computer Platform

Hardware
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486/25 MHz

8 MB RAM

100 MB Hard Drive

Type Il PCMCIA Slots

5 MB PCMCIA Memory Card

One of the following

Ethernet PCMCIA Card

Cradle with network and power connections

- Docking station with an Ethernet card.

Software

MS-DOS 6.2

Microsoft Windows for Pen Computing

Novell Netware

Table 6.2 summarizes units that were considered for the evaluation and includes, where applicable, a
note explaining the primary reason(s) why a unit was not fielded.

Table 6.2 Pen Computers Considered for Fielding

Make/Model  Fielded? Why Not?

Fujitsu  Yes

Stylistic 500

Hammerhead Yes

486

Inforite  No Too slow

Phoenix (386SXLV/25MH2z);
Screen too small

Kalidor  Yes

K2100

MicroSlate No Too heavy/bulky, poor

Datellite 400L screen clarity

NCR No No longer available

Safari

Telepad No Too slow, poor usability
SL

Telepad No  No units provided by
3.0 Vendor

Telxon No Screen too small, problems
1134 with network communications
Telxon  Yes

1184

Toshiba No  No longer available
Dynapad T200

Zenith  No Requires RE capability
CruisePAD

6.3.4 Scope of Pen Computer System

Given that the initial system development was targeted at determining feasibility of the technological
approach rather than operational use, the initial scope was limited. The proof-of-concept system
supports:
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Initial data entry of write-up data by inspectors on a pen-based computer

One model of aircraft (i.e., classic 747)

Batch transfer of data via Ethernet network

Automatic data transfer between the pen units and the local data base
Automatic data transfer between the local data base and UAL's master data base
Administration of users and privileges

Administration of aircraft visit information

Administration of printing and data transfer functions

Modification of write-ups after initial transfer.

This partial implementation allowed for a smaller up-front investment. Feasibility, therefore, could
be assessed without risking the larger quantity of dollars needed for full, operational implementation.

6.4 PEN COMPUTER SYSTEM: DESIGN AND DEVELOPMENT

The Pen Computer Non-Routine Repair (NRR) Write-up System was designed, developed, and
tested over a nine month period, from June 1995 to February 1996. Ten personnel from UAL and
four developers from Galaxy Scientific Corp. formed the project team. The first two months
involved development of detailed design specifications. Software development and testing took place
over a four-month period. The final three months encompassed system integration, installation and
testing.

6.4.1 Interface Design Methodology

From past research we have learned that persons who do not routinely use computer technology to
perform their jobs generally have a modest understanding (though possibly greater aptitude)
concerning such tools, and an even lower appreciation for them. Such persons are often suspicious of
new technologies and may reject new solutions if they perceive any difficulties with it. To address
such users, we integrated the following concepts in the design of this project:

- Human-Centered design: Galaxy Scientific prides itself on its application of Human Factors
principles to production software. Every attempt was made to ensure that the system was easy to
learn and to use. At many points throughout the project, Galaxy Scientific used an iterative approach
that included soliciting feedback and suggestions from those who would ultimately use the system.

- Limit the amount of work: Redundant information was eliminated. Once data is entered, it would
remain and propagate for as long as it was still valid.

- Restrict the possibility of error: Handwriting recognition technology is not perfect. Through the
use of selection lists and other standard controls provided in the MS Windows interface, the ability
to enter invalid data was greatly reduced.

- Check for errors: Not all input can be constrained to eliminate errors on input. Therefore, to the
extent that was practical, the data was checked prior to saving to verify that the information was
complete and accurate.

- Standardized data entry: One of the goals of this project was to provide statistical analysis data
from inspection results. In order to properly perform such analysis, a standard format and language
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were established in the collection of defect information and comments.

- Multiple input methods: Different users feel comfortable using the computer in different ways. In
order to accommodate as many preferences as possible, multiple methods of data entry, including
keyboard, pen, and mouse, were supported.

6.4.2 System Configuration

Figure 6.2 illustrates the architecture of the automated UAL Non-Routine Repair Write-up System.
The network system is a Novell-based, Ethernet network system. This data network is comprised of
multiple pen computers, one host communication server, one host file server, and one double-sided
laser printer. The file server stores the central (local) database for the pen computers and handles the
printing of write-up forms. The communication server is used to transfer data to UAL's Aircraft Visit
Maintenance System (AVMS). The laser printer prints the non-routine repair write-up forms, filled
out with the inspection write-up information.

Figure 6.2 The Architecture of the Automated UAL Non-Routine Repair
Write-Up System

- /} [T{ [47
Pen Computers - — j
!
| | = = % j

| AVMS |
2 n[ﬁ Host {

i Communications ] -
_ Server -

=0 F

MNovell File
Server
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6.4.3 Work Flow: Using the Pen Computer

The software that runs on the pen-based computer is called the Pen Computer Application. An
inspector uses the Pen Computer Application to enter and transmit non-routine write-up information.
This application actually consists of two separate programs -- one for entering the non-routine write-
up data and a second which transmits the data to the Host System.

An inspector beginning his shift will select a pen-based computer from the bank of computers
designated for this purpose. The computer will be running the Non-routine Repair Write-up software
already, unless it is powered off, in which case powering on will initiate the software automatically.

At this point, the application is in ""docking mode"', a restricted state in which two functions are
available: Data Transfer and Inspector Log-in. Data transfer should have been completed when the
computer was last docked. When an inspector is ready to begin work, at the beginning of the shift or
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after a break, the inspector will log-in to a pen unit. The log-in requires him to enter his personal
identification number (PIN) via bar code, password, and the bay in which he will be operating. Once
the identification is accepted, the computer will restart in ""data entry mode""'. (The computer must
be rebooted so that the network software may be unloaded.)

The data entry screen consists of two parts. The first screen contains all the standard information
collected from the inspection. The second screen displays a summary of the defect location
information, and will allow entry of additional details (up to 255 characters).

After completing a single write-up, the inspector may then initiate a new write-up record. Selecting
"New" from the pull-down menu will display a dialog box allowing the choice of creating a
completely blank form or carrying over information from the previous write-up.

At the completion of the shift (or at the next break), the inspector will return the unit to the docking
station. Since battery life for the Pen-based computers is not expected to last the entire shift, it will
be necessary for the inspector to change out batteries during breaks. When the inspector returns the
computer to the docking station, he should replace both batteries (one at a time) with spare batteries
that are fully charged. The "used" batteries should be placed in the external charging unit. Next the
inspector will initiate the data transfer sequence that will restart the machine in the docking mode.
All data collected since the last upload session will be sent to the Host File Server and deleted from
the pen-based computer. Also, at this point, any reference tables updated at the Host system will be
downloaded to the pen unit. This transfer is normally an automatic process, so the inspector does not
need to monitor the process. However, in the event that a transfer is aborted for any reason, it will
also be possible to start the process manually.

6.4.4 Description of the Pen Computer Application Software

The software residing on the pen computers is known as the Pen Computer Application. The Pen
Computer Application is divided into two programs: the Write-up program and the Transfer
program. The Transfer program handles transfer of non-routine write-ups to the file server (see
Figure 6.3) and permits log-in to the Write-up program (see Eigure 6.4).

Figure 6.3 Example of the Transfer System
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The Write-up program is used to enter initial write-up information. The main form is used to enter
standard write-up information (see Figure 6.5) using the pen stylus. Rather than handwriting the
information, much of the form can be completed by selecting items from drop-down lists. Related
fields are linked such that entering information in one field will determine the content of the related
fields. For example, if the Zone Number is entered, then the Major and Submajor fields are
automatically filled in for the inspector. A change to any of these three fields will affect the other
two.

Figure 6.5 Main Write-Up Form
¥erite-up Edit Tools Help
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#1 EMGINE. NOSE COWL BULKHEAD IS CORRODED [EXFOLIATE]
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SubM ajor : |HD5E COwL | E Station Type: | | [
S pecific Item: | BULKHEAD

| | E Paozition/ [ MRR? |

Defect: [CorroDED EXFOLIATE) NIRRT l_l_l_l_f [~ Recheck

Ctation: Water Line:

ATA: [71 POWER PLANT - GENE | [2]

AL el 3
| +
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In addition, Zone Charts are available for identifying the location of the defect (see_Figure 6.6). The
inspector can use the pen stylus to select the location of the defect and have the corresponding zone
number and major and submajor fields automatically completed.

Figure 6.6 Example of an On-Line Chart
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= Zone Selector

Selected: 400 -- Power Plants & Struts | Fuselane

Breakout | LCa

The drop down lists for Specific Items and Defects are not intended to hold all possible options.
Rather, the lists contain the most frequently occurring items and defects. If an inspector wants to
record a defect that is not currently in the list, the inspector can use the Expanded Input Field to write
the defect. The new defect will not be added immediately to the drop down list, but it will be added
to a separate database. The system administrator can then determine whether or not this item should
be added to the default list based on the frequency of its occurrence.

If a similar defect is found in multiple locations, the write-up can be duplicated and modified to
indicate the different location, thus reducing repetitious inputs by the inspector. Eigure 6.7 illustrates
how the user can open previous write-ups for copying or for modification.

Figure 6.7 Example of Opening a Previous Write-Up
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The Comments form in the Write-up program contains a free-form field for expanding on the
location or description of the defect (see Figure 6.8). As with any field that accepts handwriting, the
user may use the on-screen keyboard or expanded input field for entering or editing information.

Figure 6.8 Example of Adding Comments to a Write-Up
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6.4.5 The Host System Application And Transfer Program

The software responsible for maintaining the data on the Host File Server is known as the Host
System application. The software that transfers data from the file server to the Aircraft Visit
Maintenance System (AVMS) is known as the Host-AVMS Transfer application.

The Host System application performs functions necessary to maintain the host database, print write-
up data, and initiate the upload of database information to AVMS. Some functions are carried out at
regular intervals by the program and others are initiated by the user. Of the user initiated functions,
some are concerned with the write-ups and others with administration. Functions performed by the
Host System application are:

Automatic Functions

Write-up Printing

Initiate AVMS-Host Transfer Application
User Initiated Functions (Write-ups)

Reprint Write-ups

View Write-ups

Modify Write-ups

View Write-ups History

Print Summary Report
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View Print Queue
User Initiated Functions (Administrative)
Visit ID Management
User ID Management
Database Maintenance
Initiate AVMS Transfer Application

Automatic Functions

The Host System application performs two functions automatically. These are printing non-routine
write-ups and calling the Host-AVMS Transfer application. Between shifts or during breaks the pen
computer transfers data to the Host Database. The Host application periodically prints all new write-
up data on 8.5 x 11 inch paper using a two-sided laser printer. Similarly, the Host System application
periodically activates the Host-AVMS Transfer application to transfer write-up data from the Host
File Server to AVMS.

User Initiated Functions

In order to access user-initiated functions of the Host application, users must log-in. To log-in, the
user must swipe his identification card through the bar-code reader and enter a log-in password. (see
Figure 6.9) Only persons with a valid password and matching bar-code scan, will be able to access
the user-initiated functions of the Host System application.

Figure 6.9 Host Application Log-in Screen
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= United Air Lines Non-Routine Host System
Eile

Pazsword:

User Initiated Functions are accessed via the toolbar or the menubar of the Main Window (see Eigure
6.10). The toolbar is divided into three groups. The group on the far left allows the user to perform
functions on write-ups. The group to the right of that allows the user to perform administrative
functions. The last group allows the user to exit the program or get help. The menubar is grouped

similarly to the toolbar.
Figure 6.10 Host System Application Main Window
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User Initiated Functions, Write-ups

The left most group of buttons on the toolbar perform functions on the write-up data (see Eigure
6.11). The user can select a specific write-up or group of write-ups and then use a tool to perform
any of the following operations: reprint, view, modify, or view the history of the write-ups.
Additionally a user may print a summary report of write-ups recorded on a certain date. Of course,
whether or not a specific user can perform these operations will depend on privileges given to the
user.

Figure 6.11 Host Application Write-up Tools: Reprint, View, Modify, View History, Print
Summary

ElEE L

User Initiated Functions, Administration

The group of buttons right of the Write-up buttons is the Administration buttons. The Administration
buttons are shown in Figure 6.12. Using these buttons, an administrator can assign write-up numbers
to a visit, assign user ID's, and perform database maintenance functions (e.g., compact and repair).
Only users with administrative privileges will be allowed to do so.

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



NextPage LivePublish Page 17 of 45

Figure 6.12 Host System Application Administration Tools

=R

6.5 THE PILOT STUDY

The Pilot Study was conducted using inspectors at United Airlines Oakland Modification Center.
The study was conducted in two stages. The primary goals of the first stage of the study were to (a)
train inspectors on how to use the system and (b) to refine the study procedures and feedback forms.
The primary goals of the second stage of the study were (a) to have inspectors evaluate various
aspects of pen computer hardware, (b) to obtain feedback from inspectors on the features of the
software system, and (c) to obtain input from inspectors on what items should have priority for
future development.

6.5.1 Stage One

In the first stage, inspectors were trained to use the pen computer write-up system and gained
experience using the application on two different pen computer models: the Fujitsu Stylistic 500 and
the Kalidor K2100. Eleven inspectors representing all three shifts participated over several days in
early December 1995. Despite the logistical and technical problems encountered, this first fielding
made four major accomplishments:

trained inspectors on all three shifts in how to use the system

provided inspector feedback on pen computers and the Non-Routine Repair Write-up
application

identified procedural and system problems

identified problems with the feedback forms.

Table 6.3 contains the outline of the training that was provided. Hands-on training was considered
an essential element for the training to be effective. Participants completed a post-training
evaluation form immediately after the training session. The evaluation form accessed their comfort
level with performing each of the key tasks associated with system usage. All participants indicated
a medium to high comfort level for each task. Participants also were instructed to complete a
follow-up form at the end of the pilot study. This form was intended to provide a better gauge of
the training effectiveness by having participants rate the training after they had completed the pilot
study. However, very few of the participants completed the post-study training evaluation form.
Hence no conclusions could be drawn about how the training could be improved.

Table 6.3 Training Outline

1. Project Overview 5. MS Windows Basics
- Problem Statement 6. Understanding Different Fields

- Goals - Types of Handwriting Fields
- Present status - Drop down Pick Lists

- Benefits - Option Buttons

- Future plans - Check Boxes

2. Write-up Process Overview 7. Handwriting Tips
- Write-ups created on-line using 8. Data-entry Aids
pen-computer 9. Introduction to Help Features
- Data transferred automatically to local master - Contents
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database via network connection during - Search for Help on
breaks - Using Help

- Printouts are automatically printed on - Using a Pen
duplex laser printer - On-line Manuals

- Data automatically transferred to AVMS  10. Hardware Tips
database via Host Computer - Pen

3. Demonstration and Practice - Screen Lighting Controls

- Logging in - Batteries

- Making Write-ups - Power Modes

- Docking and Logging out

Most of the inspectors did provide feedback on the pen computer hardware and the automated Non-
routine Repair Write-up system. Two main findings came from this portion of the evaluation. First,
two-thirds of the inspectors who responded indicated that they preferred the pen computer system
over the current paper system for creating non-routine repairs. Given that change of any kind is often
rejected or met with much skepticism, it was encouraging to find that inspectors saw the potential
benefit of computer technology and were ready to use it on the job.

The second main result was that the inspectors found the handwriting recognition technology was
not very accurate. This finding was not surprising. Handwriting recognition software has not
improved noticeably in the past few years. Also, people understandably are annoyed by even a small
percentage of recognition errors. Recognizing this fact, the Non-Routine Repair application was
developed with as few handwriting-only fields as possible. The inspectors expressed appreciation for
the drop down lists and other aids that limited the need for handwriting. The only free-form field is
the comments field. It was questionable whether inspectors would provide comments given the
current inaccuracy of handwriting recognition and the difficulty of using an on-screen keyboard.
However, the inspectors indicated that they did enter comments and that they used the on-screen
keyboard to enter this information. Thus, when a small number of free-form fields are necessary, the
on-screen keyboard appears to provide sufficient support. If an application had a large requirement
for free-form data entry, a hardware keyboard probably would be recommended.

Several valuable lessons were learned in this first fielding. Many of these lessons were helpful in
designing a more realistic study for the second stage. For example, the initial study plan called for:

equal numbers of inspectors on all three shifts

6-8 hours of hands-on training for all participants

equal amounts of time on each pen computer model

working in parallel with the current system (i.e., participant shadows actual inspector)

- operate system during entire D-Check preliminary on a 747 (12 shifts = 4 days for 24
hours).

While these were valid design goals, the scheduling and logistical problems of the aircraft
maintenance environment made most of these goals unattainable. The first change was that the 747
D-Check was changed to a Mid-Point Visit (MPV). This adjustment was due to the schedule of
aircraft coming in for inspection. Other scheduling problems were also encountered with assigning
inspectors for the test. For example, the inspectors that would be present for training on the day prior
to the start of the preliminary inspection would not all be present for the remaining days of the test.
This logistical problem is due to the complex regular day off (RDO) schedule that is a fact of life in
aircraft maintenance. Similarly, personnel who might be present for several days of the test, may not
be present the day of training. Consequently, some training had to be provided later for these
individuals. Obviously, this type of scheduling constraint prevented researchers from using the
inspectors for four consecutive days.
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In addition, it was not practical for participants to work in parallel with another inspector. The plan
was for the study participant to be paired with an inspector assigned to work the 747 preliminary.
The participant would create write-ups using the pen computer to match the ones being generated by
the "actual" inspector on the traditional paper forms. This arrangement had strong appeal since it
would provide a strong test of the actual working conditions in which the system would be expected
to function. Although inspection had agreed to provide redundant personnel ahead of time, the
conditions at the time of the study would not allow it. That is, four preliminaries were being
conducted simultaneously; naturally, business priorities dictated that redundant personnel could not
be justified, since the inspectors were needed to complete "real™ inspections.

6.5.2 Stage Two

A second pilot study was conducted in early February 1996. Nine inspectors participated: four on
day shift, four on swing shift and one on midnight shift. Table 6.4 summarizes the background of the
inspectors.

Table 6.4 Stage 2: Summary of User Background

Inspector 1 2 3 4 5 6 7 8 9 Avg
Yrsatairline 10+ 11 10 12 9 12 27 9 9 12.1yrs
Yrsasinspector7 7 6 7 6 85 8 6 7 6.9yrs
Shift 2 25) 25) 25) 3 1 1 1 1 Day: 445%
Swing:44.5%
Mid:  11.0%

Age  45-55 35-45 35-45 45-55 35-45 35-45 45-55 25-35 35-45 25-35:11.0%
35-45: 44.5%
45-55: 44.5%

Everused PC? No Yes Yes Yes Yes Yes Yes No Yes Yes:78%

Howlong? O 1mos 8yrs 6yrs 10mos 3mos 2yrs Own ~3yrs
386
Everused MS No Yes Yes Yes Yes Yes No Yes Yes: 67%
Windows? No: 22%
72, 11%
Participatedin  Yes No Yes Yes No Yes Yes No Just Yes:67%
the 1st study? barely No: 33%
Methodology

Stage 2 of the study was conducted over one 24-hour period. Each inspector used the five
pen computers and completed the revised feedback forms during one shift, as detailed in the
schedule shown in Table 6.5. A separate day of training was not included in this stage of the
study because six of these nine inspectors participated in the first pilot study. Rather, each
shift began with a briefing to explain the purpose of the second study and to clarify what
software and procedural changes had been made since the first study.

Table 6.5 Schedule for Stage 2 Pilot Study
Swing (2/8/96) Midnight (2/8-9/96)  Day (2/9/96)

Briefing 3:30 pm-4:30 pm 11:30 pm -12:30 am  7:30 am - 8:30 am
Computer1 4:30pm-5:30pm 12:30am-1:30am 8:30 am - 9:30 am
Computer2 530 pm-6:30pm 1:30am-2:30am  9:30 am - 10:30 am
Computer 3  6:30 pm - 8:00 pm 2:30am - 4:00 am  10:30 am - 12:00 pm
Computer 4 8:00 pm - 9:00 pm 4:00 am - 5:00 am  12:00 pm - 1:00 pm
Computer 5 9:00 pm - 10:00 pm  5:00 am - 6:00am  1:00 pm - 2:00 pm
Complete Forms  10:00 pm - 11:00 pm  6:00 am - 7:00 am  2:00 pm - 3:00 pm
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One goal of the stage 2 study was to gain feedback on additional pen computer hardware. Three
additional brands of pen computer hardware were available for evaluation in this stage: Hammerhead
486, Norand Pen*Key 6600, and Telxon PTC-1184.

Feedback obtained from the initial pilot study was used to identify both software and procedural
changes that were made prior to the second stage of the study. The primary software changes
centered around eliminating rebooting problems associated with the network transfer/log-in portion
of the write-up program. In addition, a procedural change was needed to prevent the problem from
occurring. In the initial training, inspectors were told that they could disconnect from the network as
soon as they had completed the log-in. However, in stage 2, the inspectors were retrained to wait for
the rebooting process to begin, prior to disconnecting the computer from the network. Both of these
changes succeeded in correcting the rebooting problems encountered in the first fielding.

The inspectors simulated a C-Check preliminary inspection on a 747. In this stage, there was no
attempt to pair up the study inspectors with “real™ inspectors since this approach proved impractical
in stage one. Rather, inspectors were given C-check inspection job cards to work various areas of the
aircraft.

During the last hour of each shift, the inspectors were given dedicated time to complete the feedback
forms. The feedback forms used in Stage 2 are included in Appendix A.
Evaluation Results

The nine inspectors were asked to evaluate each of the pen computers on nine different hardware
factors:

screen size
durability/weight
overall speed
screen lighting
screen clarity
battery life
battery replacement
ease of carrying
stylus feel
This section describes each of these criteria and summarizes the feedback received.

Before describing the specific characteristics, some overall comments should be made about the
feedback received. First, some inspectors did not provide complete feedback on all criteria for all
models. For example, Inspector #1 did not evaluate the Hammerhead unit, Inspector #8 did not
evaluate the Telxon unit and Inspector #6 only evaluated the Fujitsu and the Norand units. Also
some inspectors did not evaluate certain criteria. For example, Inspector #1 did not evaluate battery
life or battery replacement, Inspector #8 did not evaluation battery life and Inspector #5 did not
evaluate stylus feel. Such omissions are recorded as No opinion in the following analysis. A detailed
compilation of the inspector responses on all criteria is included as Appendix B.

Screen Size, Lighting and Clarity

Screen size, lighting and clarity are important factors to be considered in evaluating a pen computer.
Table 6.6 summarizes the screen characteristics for each of the models evaluated.
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Table 6.6 Screen Characteristics of Five Pen Computers

Fujitsu Hammerhead Kalidor Norand Telxon

Stylistic500 486 K2100 Pen*Key 6600 PTC-1184

Size 8"diag. 9.4"diag. 7.5"diag. 7.25"diag. 9.5" diag.

Lighting Backlit Backlit Sidelit Backlit Backlit

Type Transmissive Transflective Transflective Transflective  Transflective

Resol. max 640x480 max 1024 x 768 max 640x480 max 640x480 max
640x480

The Telxon and Hammerhead screens are the largest, followed by the Fujitsu, Kalidor, and Norand
respectively. In general, the three larger screens were rated more favorably than the two smallest
screens (see Eigure 6.13). All screens were evaluated at 640 x 480 pixel resolution (The
Hammerhead 486 is the only one of the models evaluated that can be used in a higher resolution).
Thus, the same display elements appear larger on a larger screen and smaller on a smaller screen. For
example, the field for inputting characters is larger on a larger screen, making it easier to print
characters for handwriting recognition. Also, a larger screen allows more detailed graphics to be
displayed more clearly.

Figure 6.13 Inspector Evaluation of Screen Size by Computer
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While screen lighting is an important consideration, nearly all pen computers incorporate similar
types of technology that accommodate various lighting conditions. A back or side light can be used
to brighten the display when working in a darkened area. This additional lighting can be turned off
when in a brightly lit area. While bright sunlight can washout the display due to glare, inspectors did
not seem to have a problem with this. In general the inspectors were generally satisfied with the
screen lighting on all the computers, except the Telxon. As shown in Eigure 6.14, the Fujitsu was
rated most favorably on this feature.

Figure 6.14 Inspector Evaluation of Screen Lighting by Computer
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The clarity, or sharpness, of the screen display was also evaluated by the inspectors for each of the
five brands of pen computers. Figure 6.15 charts the percentage of responses for each brand. The
inspectors were generally satisfied with the clarity of the screens on all machines. Once again, the
Fujitsu was rated the best on this dimension.

Figure 6.15 Inspector Evaluation of Screen Clarity by Computer
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Durability and Weight

Weight and durability of a computer tend to be inversely related. The more rugged computers are
generally heavier. Although all computers incorporated some design aspects with increased
ruggedness, inspectors were not fully briefed on the internal ruggedness features of units. Therefore
the inspector's ratings indicate perceived durability. Table 6.7 summarizes the overall unit
dimensions, weight of the unit (including battery), and more rugged features of each of the five units.
The type of case provided for each unit is also included in the table, since case type may affect the
perception of unit durability.

Table 6.7 Summary of Features for the five pen computers evaluated.

Fujitsu Hammerhead Kalidor Norand Telxon
Stylistic500 486 K2100 Pen*Key 6600 PTC-1184
Dimension  7.2"x10.7"x1.5" 11"x7.75"x1.5" 9.7"x6.4"x1.8" 10.1"x8.5"x2.1"
12.25"x9.5"x1.5"
Weight 2.61lbs 4.0lbs 3.35lbs 4.01Ibs 4.0lbs
Case Plastic Aircraftgrade Rubber Plastic Plastic
Aluminum

A majority of the inspectors found these five machines were adequate in weight and durability (see
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Figure 6.16). However, the number of adequate responses was greater than the number of good
responses for all types. Combining this result with the fact that the Telxon PTC-1184 was the only
model that was rated as being too heavy (33%) suggests that inspectors would like the machines to
be a little more durable. One inspector also rated this same unit as being too fragile. The
Hammerhead was the only computer that did not receive any negative ratings (Too Heavy or Too
Fragile).

Figure 6.16 Inspector Evaluation of Durability/Weight by Computer
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Overall Computer Speed

Perceived speed of a computer is important for end user acceptance. Processor type and speed,
system configuration, amount of RAM, battery power management features, and stylus response all
have an impact on system response time to user input. No attempt was made to optimize or change
the default power management features for any of the units. Table 6.8 summarizes the basic
configuration for each of the five computers. Software demands also effect response time, but all
units were configured with the same operating systems, handwriting recognition software (except the
Norand) and application software.

Table 6.8 Basic configuration for the five pen computers.

Fujitsu Hammerhead Kalidor Norand Telxon

Stylistic 500 486 K2100 Pen*Key 6600 PTC-1184
Processor 486 DX2SL 486 DX 486SLC 486/DX2 486 SLC
Speed 50MHz 33MHz 50MHz 50MHz 25MHz
RAM 8MB 8MB 8MB 16MB 3MB
Hard drive 170 MB 170 MB Shock 170 MB 170MB 60 MB

PCMCIA Tolerant Hard PCMCIA
Type I1l  Drive Type I

Stylus Active Active Passive Active  Active
Type (touch screen
optional)

As shown in_Eigure 6.17, the Fujitsu, Norand, and Kalidor (all 486/50mhz units) were rated the most
favorably on overall speed. The Hammerhead (at 33mhz) was not far behind with two-thirds of the
inspectors rating it adequate or good. The Telxon, with the slowest processor and least memory, was
rated as being unacceptably slow by nearly half of the inspectors.
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Figure 6.17 Inspector Evaluation of Speed by Computer
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Battery Replacement and Battery Life

For a high-end application being used nearly continuously, battery technology has not advanced to a
level where an entire shift can be covered on a single battery. In a 24-hour maintenance environment,
battery issues are important. While an eight hour battery would be desirable, the initial pilot study
showed that the inspectors work in two-hour blocks. During breaks and meals, the units were
returned to the planning area for security reasons. Thus inspectors were asked to initiate uploading
the data and to recharge/replace batteries prior to going on breaks. Consequently, for this application,
two hour battery life would be sufficient.

Table 6.9 summarizes the battery related information for each of the models evaluated. Battery life
and time to recharge are based on vendor provided specifications. Battery life in actual usage will
depend on many factors, including amount of application usage, backlight usage, and power
management features.

Table 6.9 Battery Related Characteristics

Fujitsu Hammerhead Kalidor Norand Telxon
Stylistic 500 486 K2100 Pen*Key 6600 PTC-1184

Battery Lithium lon Nickel-Metal Nickel-Metal Lithium lon  Nickel
Type Hydride Hydride Cadmium

No.inUnit 2 1 1 1 1

Battery 2hours 2.5-4hours 2hours 5hours 2-4 hours
Life continuos continuous continuous
operation;  runtime w/out operation;
power  6-8 hrs. with
management  power savings
Timeto 15hrs-90% 1hour 2hours 1.5hrs
Recharge 3 hrs- 100%
External Yes No* Yes Yes Yes
charger?

Hot Yes No Yes Yes
change?

Since all units are rated for at least two hours of continuous usage, the most important consideration
is the ability to charge batteries with an external charger. An external charger permits extra batteries
to be charged and carried around as spares. The Hammerhead is the only unit that does not currently
permit external charging. It was designed with the battery sealed in the unit and has been tailored to
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the "traveling salesman™ model: work for a while, then dock the machine in a vehicle dock for
recharging before the next use. The next issue of importance is the ability to change the battery
without applying AC power to the unit. This feature, referred to as "hot changing" of batteries,
allows the inspector to swap batteries on the job site. One issue that has been resolved by
improvements in battery technology related to fully discharging batteries before recharging. In the
past, batteries had to be fully discharged before re-charging

The results for battery life and battery replacement are shown in Figure 6.18 and Figure 6.19.
Unfortunately the results are not very informative because the structure of this second pilot study
was not particularly conducive to evaluating these parameters. With inspectors swapping machines
every hour during a single shift, inspectors did not get the opportunity to change batteries on every
unit. In fact, some inspectors may have been biased against a machine which just happened to need
the battery changed during their turn to use it. Nor did the study allow the inspectors to get a true
sense of how often the battery would need to be changed during continuous usage. Since there were
more units than inspectors, when a computer was not in use, external AC power was supplied to
charge the unit.

Figure 6.18 Inspector Evaluation of Battery Life by Computer
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Figure 6.19 Inspector Evaluation of Battery Replacement by Computer
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Ease of Carrying

In general, the pen computers are similar in size to the clipboards currently used by the inspectors,
although the computers are more fragile and somewhat heavier. Therefore, the inspectors were asked
to rate each unit on how easy/comfortable it is to carry around on the job. Most of the units include
handles and/or shoulder straps to aid in carrying the unit, either as part of the computer case itself or
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as a separate carrying case. Some units also include hand straps to aid in holding the unit during
usage. Table 6.10 summarizes these features for each of the five pen computers. It should be noted
that the external cases were made available, but the inspectors were not required to use them. Most
inspectors opted to use the carrying cases.

Table 6.10 Summary of Carrying Case Features

Fujitsu Hammerhead Kalidor Norand Telxon
Stylistic 500 486 K2100 Pen*Key 6600 PTC-1184

Unit  Stylus Holder  Stylus Holder ~ Stylus Handle Shoulder
Holder  Shoulder  Strap
Strap Hand
Stylus Holder  Strap
Stylus Holder

Case Handle Handle Shoulder None None
Shoulder  Shoulder Strap

Strap  Strap

Hand  Stylus Holder

Strap

Stylus Holder

The inspector evaluation results for ease of carrying the various pen computers are summarized in
Figure 6.20. In general, the Fujitsu and Kalidor were rated most favorably on this feature, while the
Telxon was rated poorly. The poor rating for the Telxon may have been influenced by the overall
size and weight of the unit rather than the carrying features themselves. It is not apparent why the
inspectors preferred the Fujitsu and Kalidor units. However, it may have something to do with
familiarity with the units. In fact, the inspectors were much more favorable on this dimension in the
second pilot study compared to the first (in which only the Fujitsu and Kalidor were evaluated). This
change of opinion suggests that inspectors needed some time adjusting to the new tool before they
became comfortable carrying it around instead of a clipboard.

Figure 6.20 Inspector Evaluation of Ease of Carrying by Computer
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Stylus Feel

One of the appeals of a pen computer is that they use a pen stylus, instead of a keyboard or mouse
device, which is more similar to the way people currently record information on paper. However, not
all styluses have the same "feel" when used on a computer screen. Table 6.11 summarizes the
objective features of a pen stylus. An active stylus contains one or more batteries and are
considerably more expensive than a passive stylus. Some of the vendors provide a tether that
attaches the stylus to the pen computer by a lanyard or cord. The Norand was the only unit that was
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with the tethered configuration. The_Figure 6.21 summarizes the inspectors' subjective rating of
stylus feel. The Norand stylus was preferred over all others.

Table 6.11 Summary of Stylus Features

Fujitsu Hammerhead Kalidor Norand Telxon

Stylistic500 486 K2100 Pen*Key PTC-1184
6600

Type Active Active Passive Active Active
(touch screen
optional)

Tethered No No (Optional) No Yes No (Optional)

Figure 6.21 Inspector Evaluation of Stylus Feel by Computer
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Trade-off Results

In addition to ranking the performance of specific computer brands, inspectors were asked to identify
trade-offs they would make in the characteristics of the pen computers. Because each desirable
feature often has negative side-effects, trade-offs are important in evaluating pen computers.
Inspectors were asked for their preferences in eight categories:

weight vs. ruggedness

weight vs. screen size

keyboard vs. imperfect handwriting recognition
tethered pen vs. untethered

case Vvs. no case

printed stickers vs. handwritten stickers

barcode reader vs. no barcode reader

Weight vs. ruggedness

As noted earlier, inspectors generally gave the computers an adequate or good rating for
durability/weight (see Eigure 6.16). However the lower number of "Good" (compared to adequate)
responses and the lower number of "Too Heavy" (compared to fragile) responses suggest that
inspectors would like machines to feel a little more durable. This was shown to be the case when
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inspectors were asked if they would trade of added weight (1-2 Ibs) for more ruggedization. As
shown in Figure 6.22, 67% of the inspectors said they would accept added weight for a more rugged
computer. A common reason for this response was a concern for the cost of repairing/replacing the
pen computers.

Figure 6.22 Would you be willing to use a machine that is heavier (1-2 Ibs)
in order to get a more rugged unit?
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Weight vs. screen size

Weight vs. screen size did not have the same results as weight vs. ruggedness. When asked if they
would trade added weight for larger screen size, 67% of the inspectors said "No™ (see Figure 6.23).
This seems surprising since the initial screen size results are similar to ruggedness (more adequate
than good). However, of the three computers with the larger screen size (Hammerhead, Fujitsu, and
Telxon) there was only one "Too Small" response. In addition, the Hammerhead received more
"Good" than "Adequate™ votes. This suggest that screen size within the larger range (8" - 9.5") is
acceptable, but the pen-computer should not have significant added weight for this size.

Figure 6.23 Would you be willing to carry around a heavier machine (1-2 Ibs)
in order to have a larger screen?
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Keyboard vs. imperfect handwriting recognition

Although many inspectors expressed dissatisfaction with the performance of the handwriting
recognition software, only two (22%) stated they would prefer to carry a keyboard. One of them is a
trained typist and feels that typing would improve speed. Generally, inspectors do not want to carry a
keyboard while performing their inspections. Most felt it would be cumbersome and get in the way.
A few felt the on-screen keyboard was sufficient.

Figure 6.24 Assuming that handwriting recognition cannot be improved substantially, would
you prefer to use/carry around a portable computer with a keyboard rather than just use the
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pen stylus and on-screen keyboard?
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Tethered pen vs. untethered

Inspectors overwhelmingly preferred a tethered pen (89%) to an untethered pen (11%). Nearly all
inspectors were concerned with dropping or loosing the pen. The only non-tethered voter felt that the
tether got in the way.

Figure 6.25 Would you prefer to have the pen stylus tethered to the machine
rather than loose?
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Case vs. no case

All inspectors preferred a case to carry the pen computer. Seventy-eight percent stated that they
would prefer a case with a shoulder strap. The 22% that choose "Other" preferred a case with a
handle. Inspectors feel that a case will help protect the computer against damage. One inspector also
liked to carry additional objects in the case (pens, job cards, etc.).

Figure 6.26 Which would would you prefer?
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Cary Case vs, Ho Case
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Printed stickers vs. handwritten stickers

Presently, when inspectors record an non-routine write-up they mark the location of the item with a
sticker that contains the write-up number. These sticker come printed on the current paper non-
routine write-up forms. When the pen computer-based write-up is incorporated, an alternative
method of locating the write-up item must be used. A majority of the inspectors (56%) preferred to
use "stickers printed on a belt printer". Many of them, however were concerned that the computer
should not become too heavy or cumbersome. Twenty-two percent of the inspectors preferred to use
"hand made stickers" and the same amount (22%) preferred to use the location information used in
the write-up.

Figure 6.27 Which would would you prefer?
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Barcode reader vs. none.
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A barcode can often serve as a convenient input device. This may be especially true when you
consider the imperfections in handwriting recognition. However, a barcode reader also adds extra
weight and size to the pen computer system. When asked, inspectors were mixed on carrying a bar-
code reader. Forty-four percent preferred not to carry a barcode reader while 55% preferred to carry
one. As expected, nearly all inspectors were concerned with size and weight of the barcode reader.
Inspectors voting "Yes" either believed it would not add much size/weight to the computer or made
this a stipulation. Inspectors voting "No" generally believed that the computer would become too big
or bulky.

Figure 6.28 Would you be willing to carry a small, portable barcode reader attached to the
pen computer in order to enter barcode information (e.g. , job card #,
write-up #, login) rather then write/type it in?
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6.6 LESSONS LEARNED

6.6.1 Loaners vs. Buying

In the process of completing this project, a considerable amount of effort was required to obtain pen
computers for use in the field evaluation. One of the major constraints in this effort, was the need to
obtain "loaner" or "evaluation™ units for testing. From the airline's perspective, it is unreasonable to
purchase one or two units of several different brands in order to determine which one meets their
needs. From the pen computer vendor's perspective, it is not practical to lend units to every potential
customer for several weeks or months. As a result, some vendors were unable to provide units for the
evaluation. In some cases, the vendors initially provided units that were unreliable engineering
samples that did not give a good representation of their products capability. Also, when you opt for
the loaner route, you can only request a particular configuration for a loaner. When you purchase,
you have much more control over what configuration and peripherals you get. Finally, a unit that is
"loaned" may not command the same resources in terms of vendor support on technical issues. Given
these trade-offs, it may be cost-justifiable to purchase units for evaluation purposes rather than
dealing with the limitations and the hassles of loaners.

6.6.2 Support for System Configuration and Administration

Vendors that supplied "loaner” computers, often did not provide the units until the last minute. In
some cases, not all of the system administrative support and maintenance items that were required
for the fielding, such as keyboards, floppy drives, and external battery chargers were readily
available. While this may seem like a minor inconvenience, it was very apparent from this
experience that system administrative support should be a major consideration in selecting an
appropriate system. These units often employ non-standardized connections; hence, specialized
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adapters or peripherals must be obtained from the vendor to make system configuration and support
feasible.

6.6.3 Nothing is Standard in Pen Computer Hardware (even Standards)

Every pen computer included in this study had some specialized feature about it. Everything from
the type of keyboard port, to the power management features, to the rebooting procedure, to the
battery is customized to the machine. Even the PCMCIA standard is not completely standard, that
is, some units had lists of approved brands of PCMCIA network cards that could be used with their
machine. While this problem is a slight annoyance when fielding a single brand of computer, the
problem magnifies greatly with every additional unit. This is a fact of hardware evaluation that
cannot be avoided; however, it should provide caution to those who consider fielding multiple
brands for operational use.

6.6.4 Evolution of Technology is Inevitable

The brands and features of pen computers that were available for this study will most likely be
replaced by a new generation of computers in a relatively short period of time, perhaps in as little as
six months. This evolution of technology is typical for the computer hardware and software age. In
addition, the pen computer industry has not yet stabilized in terms of vendors. Therefore, there are
little assurances that any particular vendor will still be manufacturing and supporting pen computer
technology a year or two from now. These facts make it difficult to know when to purchase such
specialized hardware. The approach taken in this effort helped to minimize the effect of hardware
evolution. That is, the system was developed for a standard operating system. As hardware
capabilities increase, the software is easily moved to the new platform.

6.7 SUMMARY AND OPTIONS FOR NEXT STEP

The Pen Computer Non-Routine Repair (NRR) Write-up System was shown to be a feasible system
in Phase I. However, the system was designed to be a proof-of-concept system rather than a system
for immediate implementation. In order for the system to be minimally functional in operation, there
are some additional issues that need to be addressed. The following describes various options that
could be pursued at this point.

Option 1: Implement Laser printed forms ONLY

The initial proposal for the Pen Computer NRR Write-up System was justified on the cost savings of
printing write-ups on normal laser paper as opposed to the current specialized 4-ply printed form.
This cost savings could be realized with minimal additional investment by putting into use the laser
printed forms as designed and printed by the NRR Write-up System.

Additional Hardware Required: No additional hardware is required to implement this option.
These forms can be printed using the double-sided laser printer that was purchased for the project.
The software runs on any existing PC-compatible desktop computer.

itional Software Required: A minor adjustment would need to be made to the Host
software to allow easy printing of a large number of blank forms with sequential write-up numbers.
The beginning and ending number could be input by the user. If any changes are desired in the
format or content of the blank form (prior to or after implementation) software changes would be
needed to accomplish the changes.

itional Training/Pr ral Changes: New procedures need to be constructed for
handling the new paper documents. Appropriate parties must be re-trained per the new procedures
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- Who is going to be in charge of printing documents?
- Who is going to communicate the write-up number sequence for a given aircraft?
- Who is going to distribute documents?

Are write-ups going to be assigned to different write-up boards based on the sequence
number or will all inspectors become "Rovers™ as with the Pen Computer system?

System Support Personnel Required: Personnel must be assigned responsibility to support the
laser printer.

Option 2: Implement Pen Computer System in 747 Bay only

The scope of the current software was limited to a classic 747. Therefore, there is NO support for
making write-ups on any other fleet type. Fielding the system in the 747 Bay would require the least
amount of development and equipment investment.

Additional Hardware Required: Pen computers and peripherals (batteries, battery chargers,
etc.) for one Bay. Ethernet cables and power hook-ups. NOTE: Phase 2 implementation may select
DIFFERENT hardware for RE capabilities than would be selected for immediate implementation in
network configuration.

Additional Software Required:

1. Add graphics - Inspectors have indicated that the current level of graphics in the software
supports Zone selection for 747 classic, but does not cover all 747 models and series. In
addition, the system does not provide all of the graphics that they currently reference during
inspections. Panel and Station charts would need to be added to the software OR inspectors
would need to carry the paper copies of these graphics. None of the pen computers or their
cases provide a convenient place to store such paperwork. Custom cases may be an option if
desired.

2. Database expansion: the UAL provided database of Major and Submajor zones is not
complete. Inspectors would like additional choices for handling such locations as external
fuselage, as in the case of lightening strikes. In addition, inspectors have asked for larger field
lengths for specific items and defects. Also, any additional zone information needed to
handle non-classic 747 a/c would also be needed.

3. Rule modification: the current software rules require the inspector to fill in data in the
corrosion task # field whenever corrosion is indicated as the defect. Inspectors have pointed
out that the corrosion task # is not needed if corrosion is noticed during an inspection
controlled by a C-check inspection job card.

4. Additional functionality: There are several items that have been requested in order to
make the system usable for full operation or more user-friendly. Listed below are some of
these options:

Add functionality to handle write-up's for removal of parts/robbing or parts rather
than defects

Add functionality to handle planner/analyst write-ups generated from analysis of
log book items

Add functionality to handle additional security measures (i.e., limit user to one
machine at a time).

Add customized on-screen keyboard.

Add functionality to retrieve handwriting recognition profile for current user.
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Add screen customization option for left-handed users

Additional Training/Procedural Changes

1. New procedures need to be constructed for handling the new paper documents (same as
Option 1)

2. Appropriate parties must be re-trained per the new procedures.
3. All inspectors in targeted bay would require training on the pen computer system.

4. Must decide who is going to have access to the Host software and then provide training
accordingly.

System Support Personnel Required: Personnel must be assigned responsibility to support the
laser printer, pen computer equipment, Host, and associated software.
Option 3: Implement Pen computer system for all fleet types

This option expands on Option 2 by expanding the system capability to include all fleet types
handled by United Airlines. All issues raised above would have to be addressed for this option as
well. In addition, this option would require additional resources in all categories to handle the added
scope of implementing the system for all fleet types and all bays.

Option 4: Add Functionality, User Groups, Technology

This is the most ambitious option of all. It basically constitutes a complete new phase of effort that
would require specification of the additional functionality desired. This specification should take into
account the needs of additional user groups (e.g., lead mechanics, planners) and may include
consideration of additional technology (e.g., wireless communications).
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6.10 APPENDICES

6.10.1 Appendix A - Questionnaires Used in Study

User Background Form

INSPECTOR #

Thank you for agreeing to participate in the Pen Computer Non-Routine Repair Write-up System Pilot Study.
Please complete the following information so that we can describe the general background of participants in this
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study. The information that you provide on this and other feedback forms will be used for two purposes: (a) to aid
in planning improvements/ changes to this system in the future and (b) to complete reports for the FAA Office of
Aviation Medicine Human Factors program on the performance of the hardware and software aspects of this

system.
PART A
Number of years at United: Number Years as an Inspector:
Have you ever used an IBM compatible PC before? Yes No
If yes, how long? months/years (circle one)
Have you ever used Microsoft Windows software? Yes No

What shift are you working? 1 2 3
Age: <25 26-35 35-45 35-45 45-55

Did you participate in the initial Pilot study? Yes No

PART B (To be completed during the pilot study)

Circle Inspection Job-cards worked. Indicate Unit used for each:

F= Fujitsu  H=Hammerhead K=Kalidor N=Norand T=Telxon

_ GALLEY/LAV SUPT STRUCTURE-INSP __ TAIL COMPT ZONE 315/316 INSP
_ FWDBLKHD AND RADOME INSPECT _ HORZ STAB CENTER SECTION INSP
__ AIRCOND COMPT - INSPECTION __ TAIL COMPT ZONE 311/312 INSP
_ KEEL BEAM AREA - INSPECTION __ #2 L/H MED EMER ASSIST BTL

DATE
_ BULK CARGO COMPARTMENT INSPECT _ COCKPIT WINDOWS INSPECT
_ FUSELAGEBILGE INTERNAL INSP _~ CHECK MAIN DECK ATTNDT'S

SEATS
_ CHECKATTND'SSEAT UPPERDECK _ LHWLG WHEEL WELL INSPECTION
_ MAINENTRY DOORRH INSPECT _  LHWING LNDG GEAR INSPECTION
_ MED.CRACKCHECK-2LH __ ATTENDANTS SEAT CHECK
___ MAINENTRY DOOR LH INSPECT _ FWD CARGO COMPARTMENT

INSPECT

__ AFTCARGO DOORANDFITTINGINSP _ INSPECT NOSE WHEEL WELL
_ LT WING FLAP TRACK FAIRING-INSP _ E&E COMPT LADDER-INSPECT
_ LHWING EXTERIOR SURFACES-INSP __ PITOT STATIC PROBE INSPECTION
_ LHWING UPPER SURFACE-INSPECT _  RHLOWER FUSELAGE INSPECT
_ LHWING LEADING EDGE INSPECT _ LHLOWER FUSELAGE INSPECT
_ VERTICAL STABILIZER-INSPECT _  EXT LWR FUSELAGE INSPECT
___ APUCOMPT ZONE 317/318 INSP _ NLG W//W STRUCTURAL INSPEC.
_ NOSE GEAR/WHEEL WELL INSPECT __ NOSE GEAR AREA INSPECTION
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Hardware Evaluation Form

INSPECTOR #

Compare the basic hardware features of the pen-computers used in this pilot study. For each model, place a check
mark in the box of the choice that applies for each evaluation criteria. Rank the models from 1 (best) to 5 (worst)
in overall performance on the last line of the table.

Evaluation Fujitsu Hammer- Kalidor Norand Telxon
Criteria  Choices Stylistic 500 head 486 K2100 6600 PTC-1184

Too Small

Screen Size  Too Large
Adequate
Good

Too Fragile
Durability/ Too Heavy
Weight Adequate

Good

Too Slow
Overall Speed Adequate
Good
Screen Too light or dark
Lighting Adequate
Good

Screen  Fuzzy
Clarity Adequate
Sharp

Too Short

Battery Life Adequate
Good

Difficult

Battery Adequate
Replacement Easy
Awkward

Ease of Adequate
Carrying Comfortable
Scratchy/Slippery
Stylus Feel Adequate
Good

Poor

Overall Adequate
Good

RANKING

Evaluation of Trade-offs Form

INSPECTOR #

PART 1

In selecting the best system for your environment and use, trade-offs may need to be made between two opposing
traits. To help identify trait priorities, please answer the following questions by circling your answer and then
explain the reason for your answer.

1.  Would you be willing to use a machine that it heavier (1-2 Ibs) in order to get a more ruggedized unit?
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Yes No
Why/Why not?

2. Assuming that the handwriting recognition cannot be improved substantially, would you prefer to use / carry
around a portable computer with a keyboard rather than just use the pen stylus and on-screen keyboard?

Yes No
Why/Why not?

3. Would you prefer to have the pen stylus tethered to the machine rather than loose?

Yes No
Why/Why not?

4. Which would you prefer:

Stickers printed on belt printer attached to pen computer
Hand-made stickers made using masking tape or "'dots"
No stickers - rely on location information on write-up
Why?
5. Would you be willing to carry around a heavier machine (1-2 Ibs) in order to have a larger screen?
Yes No
Why/Why not?
6.  Which would you prefer:

No case
Shoulder strap only

Customized case with shoulder strap
Why?

7. Would you be willing to carry a small, portable barcode reader attached to the pen computer in order to
enter barcode information (e.g., job card #, write-up #, login) rather than write/type it in?
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Yes No

Why/Why not?

PART 2

1. Describe the special environmental conditions in which the pen computer hardware must operate (ex: temp,
vibration, corrosion, lighting, etc.).

2. Describe areas of the A/C where you had problems using the pen computer and explain why.

3. What other areas of the A/C (areas you didn't work) do you foresee possible problems with operating the pen
unit and explain why.

Hardware Evaluation

INSPECTOR #

1. Describe general features/functionality of pen computer hardware you liked.

2. Describe general features/functionality of pen computer hardware you would change (explain the desired
change).

3. Describe model specific features/functionality you like.

Fujitsu
Hammerhead

Kalidor

Norand
Telxon

4. Describe model specific features/functionality you did not like.
Fujitsu

Hammerhead
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Kalidor

Norand

Telxon

Application Evaluation Form

INSPECTOR #

This form requests your input on the Non-Routine Repair Write-up software application. Complete and return
this form at the conclusion of the pilot study.

QUESTIONS: Complete the following questions by circling your response.

1. a. Which system do you prefer for making write-ups?

Current paper system  Pen computer system
b. Why?

2. a.What is your opinion of the Transfer portion of the program?

Easy to Use Adequate Difficult to Use
b. Why?
c. Other comments

3. a.What s your opinion of the Write-up portion of the program?

Easy to Use Adequate Difficult to Use
b. Why?
c. Other comments

4. What are your comments on the laser printouts (ex: format, content, speed, etc.)?

Priorities for Future
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INSPECTOR #

The current pen computer system is NOT a complete system. It supports initial NRR write-up creation for one
aircraft type only. Prioritize the items below in terms of which would be make the Pen-Computer Non-Routine
Repair System most useful to you.

H= High Priority M= Medium Priority L= Low Priority X= Undesirable
On-line GN/MM

On-line IPC

On-line SRM

On-line Panel Charts

On-line Detailed Zone Charts
On-line Detailed Station Charts
On-line Job card and W/U Numbers
Support for Buy-back

Bar code reader attachment
Physical keyboard attachment
Sticker Printer attachment

OTHER

OTHER

OTHER

6.10.2 Appendix B Summary of User Responses

Summary of Hardware Evaluation
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Evaluation Fujitsu Hammer- Kalidor Norand Telxon

Criteria Choices Stylistic head 486 K2100 6600 PTC-1184
500

Too Small 7 345 235

Screen Size  Too Large 2

Adequate 1,3457, 89 789 46,78 12459
8,9

Good 26 2345 1 19 37

Too Fragile 4 4 7 2

Durability/ Too Heavy 2,57

Weight

Adequate 13,789 5789 5789 24589 1349

Good 256 234 123 136 3

TooSlow 1 9 23 4579
Overall Speed Adequate 589 4578 4578 789 3

Good 2346,7 23 139 1456 2

Toolightordark 1 9 3 3 149
Screen
Lighting Adequate 59 57 457 59 357

Good 2346,7 234 129 1246 2

Fuzzy 1 9 7 7 14
Screen
Clarity Adequate 59 457 1459 159 359

Sharp 234,6,78 238 238 2468 27

TooShort 49 47 4 46,7 4,79
Battery Life Adequate 2,357 2359 2357 2359 235

Good 6 9

Difficult 235 35 5
Battery
Replacement Adequate 589 89 24789 25789 29

Easy 2,34,6,7 7 3 37

Awkward 57 1235
Ease of
Carrying Adequate 14,79 49 3479 2469 479

Comfortable 2,35,6,8 2358 1258 1,38

Scratchy/Slippery 3
Stylus Feel Adequate 24,69 23479 23479 29 23479

Good 378 8 18 146,78
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Poor 8 4,5
Overall Adequate 9 459 34578 59 79

Good 3456,78 3 19 134068

RANKING 1-37 1-2 1-19 1-4 1
2-245 2-35 2-57 2-19 2
3-19 3-47 3-4 3-3 3
4 4 4-3 4-25 4-179
5 5-9 5 5-7 5-2345

Inspector 6 rated only Fujitsu and Norand; did not rank
Inspector 8 did not rate Telxon; Did not rank but could derive ranking from overall rating

Evaluation of Trade-offs Form

INSPECTOR #

PART 1

In selecting the best system for your environment and use, trade-offs may need to be made between two opposing
traits. To help identify trait priorities, please answer the following questions by circling your answer and then
explain the reason for your answer.

1.  Would you be willing to use a machine that it heavier (1-2 Ibs) in order to get a more ruggedized unit?

Yes 3,4,5/6,7,9

Why?

3 Could save a lot of money on repairing units
4 - 1t doesn't matter as long as it's durable

5 To get the most updated features

6 Given the cost of replacement and or repair, | don't feet that a
heavier unit is a large price to pay.

7 Less damage [means] less down time

9 - A few more Ibs would not affect the machines mobility

No 1,28
Why not?
1 - Carry around the whole aircraft, and won't fit some small corners.

2 - | feel the units are rugged enough. If an inspector can hang

onto the machine, we need to change the carry handle/strap
or council the Inspector.

8 - The machines at their current weight get noticeably heavy after 20 mins.

2. Assuming that the handwriting recognition cannot be improved substantially, would you prefer to use / carry
around a portable computer with a keyboard rather than just use the pen stylus and on-screen keyboard?
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4.

Yes 6,9
Why?
6 - | would prefer the keyboard because | am a trained typist.

It would greatly improve my w/u generating speed

9 - | feel that a regular keyboard would be easier to use then the

on-screen keyboard; it is too tedious.

No 12,345,789
Why not?
1- 1t will be very inconvenient. Create a lot of problem.

2- On screen keyboard is good

3 - Using a keyboard in the locations that we inspect would not be

practical. Laying down or kneeling you could not type
4 - 1t's awkward & uncomfortable

5 - Flip top could get broken

7 - keyboard already onboard

8 - the more moving parts the more to break

Would you prefer to have the pen stylus tethered to the machine rather than loose?

Yes-1,2,3,4,5,6,7,9

Why?

1 - This way the pen won't lose so easily.
2 - Keeps the stylus from getting lost.

3 - You know where the pen is.

4 - To eliminate dropping and breakage

5 - Harder to lose

Page 43 of 45

6 - | inadvertently dropped the pen with the Norand unit and was grateful that the pen was tethered. |

was in the wheel well and would have had to climb down to retrieve it.

7 - lost or breakage if not
9 - less chance of losing it
No -8

Why not?

8 - Norand had a tethered pen. It got in the way when writing.

Which would you prefer:

Stickers printed on belt printer attached to pen computer 1,2,45,7
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Why?

1 - easy to use and convenient

2 - how heavy will this printer be?
4 - Easier for others to locate areas

5 - Mechanics are used to looking for stickers; easier to

locate w/u's; saves time

7 - Needs RE & would help production locate w/u with w/u #
Hand-made stickers made using masking tape or "'dots"” 6
Why?

6 - Dots would be good. The mechanic is used to looking for a sticker, plus carrying around dots
would prevent us from needing a belt printer on a pen base. P.S. We used dots quite a while ago
and they work well.

9 - I think a roll of tape would be suitable because it [printer] would add extra weight &
complexity to the machine

No stickers - rely on location information on write-up 3,7
Why?

3 - If charts are available, the information given on the w/u location should be easy to find
7 - maybe a station on the wing and tail docks that would dispense the stickers or none at all.
Keep the machine low maintenance.

5. Would you be willing to carry around a heavier machine (1-2 Ibs) in order to have a larger screen?

Yes 34,7
Why?
3 - The handwriting recognition seems to work better on larger screen. It makes making the w/u easier
4 - Easy to read
7 - Bigger is better???
No 1,2,56,89
Why not?
1 - will be too heavy to carry around
2 - screen size adequate
5 - Screen sizes are adequate
6 - the smallest of the screens appears to be adequate
8 - The lighter the better. We all as insp. have 20/20 close up.

9 - the screens are adequate already
6.  Which would you prefer:

No case
Why?
Shoulder strap only

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



NextPage LivePublish Page 45 of 45

Why?

Customized case with shoulder strap  1,2,3,4,5,6,8
Why?

1 - Good protection machine and easy to carry

2 - Ease of handling - protects machine

3 - The case is good to protect the unit. But it will not stay clean (i.e., grease, oil, hyd fluid) A
skydrol proof rubberized body with a shoulder strap would be good.

4 - Comfortness
5 - Pockets to put jobcards/pen, etc.
6 - The case has a handle plus the strap

8 - A case to better protect unit and a strap to support most of the system when in use.

OTHER 7,9
7 - Case with handle only; strap gets in way, case helps protect

9 - Customized case with hand carrying strap; | prefer carrying the machine this way

7. Would you be willing to carry a small, portable barcode reader attached to the pen computer in order to
enter barcode information (e.g., job card #, write-up #, login) rather than write/type it in?

Yes 1,469

Why?

1- as long as making machine easier to use and convenient will be all right.
4 - for easiness & comfort

6 - A pen type barde reader/stylus can be used while adding very small (couple of 0z's) amount to the
total weight.

9 - If it makes my job easier & doesn't make the machine too bulky

it would be worth it

No 2,35,7,8

Why not?

2- How heavy is this barcode reader?
3 - Too much clutter.

5 - More stuff to carry around

7 - Enough is enough

8 - Past experience shows barcode readers to be temperamental and

we don't need any extra appendages.
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CHAPTER 7
A UNIFIED INCIDENT REPORTING SYSTEM FOR
MAINTENANCE FACILITIES

C. Levine Wenner and C. G. Drury, Ph.D.
Industrial Engineering Department, State University Of New York At Buffalo

7.1 ABSTRACT

Errors in maintenance can have many consequences, from endangering public safety through
damage to aircraft to personal injury. Each error consequence is lead into different reporting systems,
making it difficult to take action against common causes of error. This project performed detailed
analysis on three classes of errors resulting from ground damage incidents, personal injuries, and
paperwork errors. Hazard patterns were developed for each error class to discover latent failures
within the maintenance system in addition to the final active failure which precipitated the incident.
A unified incident reporting system was developed to allow these latent failures to be captured and
acted upon.

7.2 PROJECT OBJECTIVES

The objectives of this project were to demonstrate a base-level human factors project in an engine
shop at the airline partner's facility and to interface with that partner's Human Factors Planning
Group to develop an integrated error data collection model.

For the engine shop human factors program, a number of starts were made during a period of
unprecedented organizational change in the shop. These starts allowed us to collect considerable data
on paperwork errors, which was the indicator chosen by SUNY at Buffalo and the airline partner to
indicate human factors problems within the shop. We also provided briefings and training in human
factors to both management and workforce in the engine shop. However, because of management
changes, particularly changes in the reporting structure between the facility and headquarters, the full
human factors program could not be completed within the nine months available. Hence the SUNY
at Buffalo team continued work on this project by integrating the paperwork error analysis with the
other error analyses in conjunction with the Human Factors Planning Group. This strengthens the
error analysis and includes engine shop considerations in the final report.

7.2.1 Introduction

Error, as defined in Reason (1990, p.9), is "a generic term to encompass all those occasions in which
a planned sequence of mental or physical activities fails to achieve its intended outcome, and when
these failures cannot be attributed to the intervention of some chance agency." The definition of error
includes two types of failures. Either the plan developed by the operator is adequate, but the actions
deviate from the plan; or the actions may follow the plan, but the plan is not appropriate for
achieving its desired ends (Maurino, et al., 1995, p .16). The first type of failure is considered a slip
or a lapse and is a failure in executing a plan, while the second type of failure is considered a mistake
and is a failure in formulating a plan.

It is also necessary to consider the distinction between errors and violations. An error, as defined
above, refers to unsafe acts which are unintentionally committed. A violation, on the other hand, is
defined as a "deviation from safe operating practices, procedures, standards or rules. (Maurino, et al.,
1995; Reason, 1990)" However, it is important to note that, although the operator may deliberately
intend to violate procedures, the unwanted consequences that may occasionally arise are definitely

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



NextPage LivePublish Page 2 of 35

not intended. Maurino, et al., (1995) explain that errors generally arise from informational problems

(e.g., when operators do not have enough information, operators do not have the correct information,
or when pertinent information is forgotten), while violations are usually associated with motivational
problems (e.g., poor supervisory example, and sanctioned non-compliance).

This distinction between errors and violations is especially important in the airline maintenance
environment, in which mechanics are often given conflicting goals and priorities in which to work.
Mechanics are told to be safety conscious and to follow procedures, but are also pressured to keep on
schedule, and to prevent delays at almost any cost. The heavy workloads at most maintenance
stations, coupled with a limited number of personnel, make it difficult for all of the efficiency and
safety goals to be achieved. Mechanics often make a choice as to which goal is perceived by the
supervisors to be most important, and often, the mechanics choose efficiency (most work completed
in the least amount of time) over the safety concerns. Maurino, et al., (1995, p. 9) presents a theory
that:

Asserts that the negative consequences of top-level decisions (e.g., inadequate
budgets, deficient planning, under manning, commercial and operational time
pressures, etc.) are transmitted along various departmental and organizational
pathways to the different workplaces. There, they create the local conditions that
promote the commission of unsafe acts. Many of these unsafe acts will be
committed, but only very few of them will penetrate the defenses to bring about
damaging outcomes.

This theory can be verified by examination of an airline maintenance system. Mechanics operate
under a large number of rules and procedures, and it is often difficult for the mechanics to keep track
of them all. Some of the procedures often describe a more difficult way to perform a task, or may
require more personnel than is typically available. Thus, over time, it has become routine for
procedures to be violated. For example, a towing procedure may specify that six people are
necessary whenever an aircraft is moved (a tug driver, a brake-man, a nose walker, a tail walker, and
two wing walkers). However, in actuality, it is very difficult to find six people who are not otherwise
occupied every time an aircraft is moved. Thus, the tug driver may decide to move the aircraft using
only a brake-man and two wing walkers, in order to prevent delays.

In fact, some of the newer personnel may not even know that they are violating documented
procedures, since they have received only on-the-job training for what their trainers see as the correct
way to perform certain tasks. Over time, the routine violations have been passed down as correct
procedures to new personnel. Management and supervisors often do not enforce the procedures,
since the violations are often performed in order to prevent delays and promote efficiency.

Generally, the violations do not lead to any further problems, the benefits greatly outweigh the costs
of committing the violations, and management tends to look the other way. However, when an
incident occurs due to the violation (e.g., ground damage when a plane contacts a parked object due
to insufficient number of spotters), the employees involved are reprimanded for their behavior and
everyone is told to follow the procedures.

Although violations are officially highly discouraged by management, they are often tolerated as part
of normal operating practices. However, the entire maintenance system is designed specifically to
prevent mechanics from committing errors, or at least to allow the errors to be detected and corrected
before the aircraft leaves the maintenance domain. Job aids, in the form of workcards, are provided
to the mechanics to assist them in performing their assigned tasks. Critical tasks require an inspector
to verify that the work is properly completed, and the pilots are required to walk around the plane
before take-off to ensure that the aircraft is ready to fly. The system contains many defenses, barriers
and safeguards whose purposes are (Maurino, et al., 1995):

To create awareness and understanding of the risks and hazards.

To detect and warn of the presence of off-normal conditions or imminent dangers.
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To protect people and the environment from injury and damage.
To recover from off-normal conditions and to restore the system to a safe state.
To contain the accidental release of harmful energy or substances.

To enable the potential victims to escape out-of-control hazards.

These defenses, barriers and safeguards are layered within the system, and are intended to prevent
hazardous situations from occurring, allowing operators to detect hazardous situations if they do
occur, and allowing the operators to recover once a hazardous situation occurred. It is only when all
of the defenses, barriers, and safeguards fail that an error can be propagated through the entire
system and eventually affect the public.

In the airline maintenance environment, as in many other industries, the defenses, barriers and
safeguards are comprised of: engineered safety devices (e.g., safety rails, locking casters on
workstands); policies, standards and controls (e.g., administrative and managerial measures designed
to promote safety); procedures, instructions and supervision (e.g., workcards and maintenance
manuals); training, briefing, drills (e.g., the provision and consolidation of technical skills and safety
awareness); and personal protective equipment (e.g., respirators, safety glasses) (Maurino, et al.,
1995). Obviously, many of these defenses are not controlled by the mechanics in the system, and
must be put in place by the management of the organization.

Latent and Active Failures

When an error occurs in the maintenance system of an airline, the mechanic(s) who last worked on
the aircraft is usually considered to be at fault. The mechanic may be reprimanded, sent for further
training, or simply told not to make the same mistake again. However, to blame the mechanics for all
of the errors that are committed is perhaps giving them too much credit for their role in the airline's
maintenance system. Many errors are, in fact, committed due to other failures inherent in the system
and the mechanic involved is merely the source of one of the failures. In these cases, it may not
matter which mechanic is involved at the time of the actual incident, the system encourages
particular errors or violations to be committed.

The failures caused by those in direct contact with the system, i.e., the mechanics who are working
on the aircraft, are considered to be active failures. These failures are errors or violations that have a
direct and immediate effect on the system. Generally, the consequences of these active failures are
caught by the mechanic himself, or by the defenses, barriers and safeguards built into the
maintenance system. Thus, the system must rarely deal with the consequences of active failures.
However, when an active failure occurs in conjunction with a breach in the defenses, a more serious
incident occurs (Maurino, et al., 1995).

Latent failures are those failures which derive from decisions made by supervisors and managers
who are separated in both time and space from the physical system. For example, technical writers
may write procedures for a task with which they are not totally familiar. If the procedure has even
one mistake in it, the mechanic using the procedure will be encouraged to commit an error. The
latent failures can often be attributed to the absence or weaknesses of defenses, barriers, and
safeguards in the system. Often, latent failures may lie dormant in the system for long periods before
they become apparent (Maurino, et al., 1995). Fox (1992) defines latent failures as those decisions
made in the organization which may create poor conditions, result in less than adequate training,
poor supervision, etc. which may lie dormant for some time, but which have the potential to
predispose active failures.

For an incident to occur, latent failures must combine with active failures and local triggering events,
such as unusual system states, local environmental conditions, or adverse weather. There must be a
precise ‘alignment’ of all of the 'holes’ in all of the defensive layers in a system (Maurino, et al.,
1995). For example, rain may cause a mechanics' foot to be wet, allowing his foot to easily slip off
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the worn brake pedal in a pushback tug when the mechanic becomes distracted. The tug may then
lunge forward contacting a parked aircraft. The latent failure in the system is that the brake pedal has
no anti-slip surface in place, but the problem does not become an issue until the rainy conditions (a
local trigger) cause an incident. It can be seen that if any one of the failures had not occurred
(mechanic did not become distracted, the tarmac was not wet, or the brake pedal was in better
condition), the incident would have been avoided.

Traditionally, the mechanic would be blamed for the incident, since he allowed his foot to slip off
the pedal. Clearly, the mechanic did commit this error. However, it must be noticed that mechanics
are required to drive pushback tugs daily, and can not control the weather conditions or even the
condition of the equipment. They are required to work under strict time guidelines, and they are
highly motivated, by management and personally, to keep on schedule. Mechanics therefore, should
not face sole responsibility for such incidents that occur. It is important to consider all of the other
factors that affect their performances, and all of the other system-wide problems that may contribute
to both failures.

Thus, it can be seen that a large number of unsafe acts (errors and violations) may occur on a daily
basis, but it is very rare that a situation is elevated into a serious, reportable incident. Usually, the
unsafe acts are either caught immediately, or the defenses of the system prevent the problem from
becoming an incident, i.e., the error is prevented from propagating through the system. Mechanics
are especially conscious of the importance of their work, and typically expend considerable effort to
prevent injuries, prevent damage, and to keep the aircraft safe.

In any system which has been operating for long enough to experience sufficient incidents,
examining past incidents makes it is possible to determine the types of errors, violations, and latent
failures that typically have caused problems in the past. However, in order to prevent future
incidents, it is necessary to predict, identify, and remedy latent failures that still may be lying
dormant in the system. Many of the errors and violations can be eliminated by addressing the latent
problems in the system. Violations can be discouraged by ensuring that the correct way for the
mechanics to work is also the easiest and most efficient way for them to perform their task, while
errors (which can never be totally eliminated) can be reduced to as low a level as possible by
improving or strengthening the various defenses, barriers, and safeguards in the system.

Error Reporting Systems

In a typical airline, failures (above a certain threshold severity) in the system are strictly monitored
and recorded. Management keeps stringent records of on-time flight departures/arrivals, turnaround
time for aircraft requiring maintenance, injuries to personnel, damage to aircraft and other ground
equipment, and other measures that document the airline's overall performance. In addition, many
errors may be detected and routinely corrected as part of the system so that no record is kept.
However, most of the error-reporting systems in use are recorded and utilized by different
departments, and are rarely used together to analyze the system as a whole. But, there are many
inherent problems that affect more than one of these performance measures, and similar errors may
lead to an incident in more than one of these areas. For example, if a mechanic drops a wrench on his
foot, the incident would be recorded as an OJI (on-the-job injury). If a mechanic drops a wrench on
an aircraft, damaging it severely, the incident would be recorded as Technical Operations Ground
Damage. If the wrench was dropped on the aircraft, causing no damage, the incident would not be
recorded at all! Finally, if a Ground Operations Employee drops a wrench on an aircraft, the incident
would be recorded as Ground Operations Ground Damage. In each of these scenarios, the error was
exactly the same, only the final consequences differed, differentiating the way in which each of these
incidents is recorded.

Ground damage incidents, caused by airline personnel, are recorded in what we shall refer to as GDI
(Ground Damage Incident) reports. In these reports, an investigative team produces a detailed
written report, including: a problem statement describing the incident, a detailed description of the
incident, a list of process, equipment and personnel factors, as well as recommendations for
preventing this type of incident from happening again. The report generally includes photographs of
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the damage to the aircraft as well as the equipment that may have been involved. Also, written
descriptions from all of the personnel involved are obtained and included in the report The
recommendations from each GDI are supposed to be disseminated to all of the stations to allow other
personnel to learn from the incident.

Ground damage caused by maintenance personnel are recorded as Technical Operations GDIs, while
damage caused by other ground personnel are recorded as Ground Operations GDIs. When personnel
from both departments are involved in one incident, GDIs may be performed by each department
separately. Also, recommendations from Technical Operations GDIs are only passed along to other
maintenance facilities, while the recommendations from Ground Operations GDIs are shared only
with other ground operations personnel. As many of these incidents have common causes, the
conclusion is that no method exists to share information that may be common to all personnel.

At our partner airline, OJls are recorded using an investigative tool based on a checklist. Although
much of the factual data of an incident is recorded, (including the type of accident, the type of injury,
the type of equipment being utilized, etc.) there is little opportunity to provide a detailed narrative
description of the incident. In addition, the manager completing the investigation is required to
indicate possible root causes for the injury, selecting from a limited checklist of possible causes.
There is little encouragement inherent in this reporting system to glean specific information
concerning the factors leading up to the injury, or the other system factors that may have contributed
to the incident.

A paperwork record is crucial in an airline maintenance system. Mechanics must sign-off at
appropriate points in their workcards, indicating that they have completed the task correctly. It is
essential that all of the sign-offs be properly completed, in order to ensure safe operation of an
aircraft, and indeed to satisfy strictly enforced FAA requirements. Clerical personnel at the airline
are often assigned the task of reviewing all of the paperwork that is submitted to ensure that all of it
is properly completed. Any errors detected can then be corrected before the paperwork is filed in
archival storage. Some departments simply keep a running count of the number of paperwork errors
that are being committed, to monitor trends in performance, but little use is made of this information
to redesign the systems which generated the errors in the first place.

From the previous examples, it can be seen that there are many different error recording systems in
use at a typical airline. Each system has different uses, and thus records different levels of
information. However, in order to determine the general latent failures that are within the
maintenance system, it is necessary to look at more than one source of error data, and to examine the
data in sufficient depth to derive findings which can be translated into effective actions.

7.2.2 Specific Objectives

The objectives of this project can now be defined more specifically. They were to examine multiple
sources of errors at one airline, to determine how each system recorded information concerning the
incidents, to analyze the past incidents to determine commonalties among the incidents, and to
develop hazard patterns for the past incidents. These hazard patterns could then be utilized to
indicate appropriate interventions, to prevent other incidents. Also, the information gathered in this
investigation could be used to develop a tool to analyze future incidents, in order to determine the
latent failures, as well as the active failures, which contributed to the incident.

7.3 GDI ANALYSIS

Ground damage includes damage to aircraft caused by airline personnel. It only includes damage that
is preventable: damage caused by hail, bird strikes, part failures, and even foreign object damage are
not recorded in this system. Ground damage is extremely costly to an airline, since the total cost
includes both the cost of repairing the damage as well as the cost of keeping the aircraft out of
service. One example, documented in Airline and Equipment Maintenance (Chandler, 1995),
describes an incident where the cost of repairing a damaged aircraft was $39,300. However, the total
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cost of the incident was calculated to be $367,500, due to passenger and cargo revenue lost. In
addition, there are nontangible costs to the airline, including: passenger inconvenience, affected
flight schedules throughout the entire airline system, and increased maintenance workloads. A
typical airline may have 100-200 reportable ground damage incidents per year, adding significant
financial losses that could be prevented.

In this analysis, 130 Technical Operations GDI reports were analyzed, covering ground damage from
January, 1992 through April, 1995 by Technical Operations personnel. Initially, each GDI report was
reviewed to determine the specific action that caused the ground damage. It was determined that
there were only twelve distinct patterns that covered almost all of the GDI reports. Each of these
distinct patterns was considered to be a Hazard Pattern. The GDI hazard patterns are enumerated in
Table 7.1. Next, each GDI report was analyzed to determine the specific active failures, latent
failures, and local triggers that contributed to the incident. A scenario was then developed for each
hazard pattern, illustrating the common factors between all of the incidents. These scenarios are
included in the next section. Each of these is summarized in Appendix 1 as an event tree showing
how each of the latent failures contributes to the final damage event. This form analysis, which has
much in common with Fault Tree Analysis, was originally developed by CNRS in France (Monteau,
1977).

Table 7.1 GDI Hazard Patterns

Number of %o of
Hazard Pattern Incidents Total

1. Aircraft is Parked at the Hangar/Gate/Tarmac 81 62.3
1.1 Equipment Strikes Aircraft 51
1.1.1 Tools/Materials Contact Aircraft 4
1.1.2 Workstand Contacts Aircraft 23
1.1.3 Ground Equipment is Driven into Aircraft 13
1.1.4 Unmanned Equipment Rolls into Aircraft 6
1.1.5 Hangar Doors Closed Onto Aircraft 5
1.2 Aircraft (or Aircraft Part) Moves to Contact Object 30
1.2.1 Position of Aircraft Components Changes 15
1.2.2 Center of Gravity Shifts 9
1.2.3 Aircraft Rolls Forward/Backward 6
2. Aircraft is Being Towed 49 37.7

2.1 Towing Vehicle Strikes Aircraft 5
2.2 Aircraft is Not Properly Configured for Towing 2
2.3 Aircraft Contacts Fixed Object/Equipment 42
2.3.1 Aircraft Contacts Fixed Object/Equipment 13
2.3.2 Aircraft Contacts Moveable Object/Equipment 29
Totals 130 130 130 100%

7.3.1 GDI Scenarios

Tools or Materials Contact Aircraft (1.1.1)

In these incidents, a piece of equipment (tools, parts) falls onto the aircraft (or mechanic). Generally,
gravity is the ultimate cause of these incidents. By examining the environment in which the incident
occurred, and the steps in the process proceeding the incident, it is possible to see how other non-
obvious factors contributed to the incident. One such example is presented below.

During an engine change, a mechanic pulled out a forklift supporting an A-frame, causing
the frame to fall on the aircraft. However, on further review of the steps leading up to the
incident, it is possible to see how this incident came to happen. First, it was not obvious to
the mechanics that the A-frame was top heavy and could not support itself. Second, the
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forklift was removed in order to facilitate disassembly of the A-frame and nose cowl sling,
two pieces of equipment necessary for the engine change. The disassembly was required
because the engine change kit was missing parts, requiring the mechanics to change their
procedure while in the middle of the engine change. Unfortunately, the missing parts were
not detected prior to beginning the procedure, since the engine change kit does not contain
either an inventory or packing list for the parts to be checked against.

Thus, although this incident was eventually blamed on the mechanic who moved the forklift, the
problem had its antecedents far earlier, when the engine change kit was prepared.

Other latent failures contributing to these types of incidents include: poor communication between
co-workers, and between shifts; inappropriateness of available equipment for the task; inadequate
space in which to perform the task; and poor mechanical condition of the equipment. Many of these
latent failures can all be considered to be failures of the workforce to become aware of the possibility
of risks and hazards. This lack of awareness may be a failure of management to properly emphasize
safety as the first priority (as opposed to emphasis on speed of task completion), and/or may be a
result of the mechanics' repeated performance of similar tasks.

Other latent failures result because the equipment does not 'behave' as the mechanics expect. For
example, the engine sling does not hang level from the hoist; the overhead crane has only one speed
in the East-West direction and this speed is perceived to be too fast; and the work platform has
sagged over time, creating a decline towards the front end. The mechanics' misperceptions of the
equipment cause them to perform as they otherwise might not if they were aware of the correct state
of the equipment. For instance, the mechanic may have chosen not to place a wheeled dolly on the
work platform if he had known it was so slanted towards the front end.

Workstand Contacts Aircraft (1.1.2)

In these incidents, a workstand that was being used to service or repair the aircraft came in contact
with the aircraft. There are various scenarios in which this type of incident can occur. The mechanics
working on the aircraft may misperceive the position of the workstand while maneuvering in close
proximity to the aircraft. In other situations, the mechanic accidentally causes the workstand to move
in a direction that is not intended. Mechanics may also fail to properly configure (e.g., raise/lower
platform) the workstand before moving it. Finally, in almost all of these incidents, no ground spotter
was used while moving workstands around the aircraft.

This last scenario, in which no ground spotter is used, is a routine violation of company policy. The
ground equipment policies requires a spotter to be used at all times when moving equipment around
the aircraft. However, the unavailability of excess personnel, and high workloads for ground
personnel have made this requirement difficult to follow. Since this policy is rarely enforced (except
following a ground damage incident) mechanics often feel than they can properly maneuver the
equipment and can properly judge distances from the aircraft.

However, there are many latent failures that can be identified as contributors to these incidents. For
example, in some situations, the workstand has unused metal brackets attached that can not be seen
by the workstand operator. In other situations, the equipment suffers from a mechanical problem that
contributes to the incident (e.g., the stand jerks forward when placed in stop position, wheels do not
swivel properly, design of dead man switch allows the foot to easily slip out). Furthermore, pressures
to ensure on-time departures encourage the mechanics to quickly move their workstands into
position, without properly checking for adequate clearance with the aircraft.

Another contributor to this category of incidents is the use of improper, or ill-suited, workstands to
perform assigned tasks. In these situations, the mechanic uses workstands (or other ground
equipment as workstands) for purposes for which they were not designed. Generally, the mechanic
chooses to use the improper workstand because either: the maintenance station does not have the
correct equipment (or has too few of them), the correct equipment is unavailable (e.g., the correct
equipment is in the shop for repairs, or is being used elsewhere), or because the correct equipment is
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less accessible than the incorrect equipment (e.g., the correct equipment is parked in a remote
location). The improper workstands may offer the mechanic quicker access to their work, but may
cause additional problems. Since the workstands are not designed for the work they are doing, they
are often difficult to correctly position without contacting the aircraft, and may require excessive
relocation throughout the task duration. The increased difficulty of moving the equipment around the
aircraft, as well as the increased number of times the workstand's position must be adjusted,
increases the chances for the workstand to contact the aircraft.

Ground Equipment is Driven Into Aircraft (1.1.3)

In these incidents, equipment (trucks, belt loaders, etc.) is driven by airline maintenance personnel
into the aircraft. The drivers either misjudge the amount of space available, misjudge the size of the
equipment, or in some cases, accidentally continue moving forward when they know they are about
to contact the aircraft. This last type of incident occurs when the mechanic is attempting to stop the
vehicle by depressing the brake pedal, but fails to do so. All of these incidents are often attributed to
the driver allowing his foot to slip off the pedal. However, on closer examination, it can be seen that
this is simply an accident waiting to happen. Often, the ground on which the mechanic must work is
slippery, due to a combination of oil, cleaning fluids, and rain. This makes the mechanic's footwear
slippery, and may cause his foot to slip off the pedals while driving a vehicle. Although these
conditions are often present at many stations, the pedals in the vehicles do not all have anti-skid
surfaces. In some situations, the anti-skid surface has simply worn off, and has not been replaced.
Therefore, these type of incidents can be traced back to poor vehicle maintenance.

As in the previous category of incidents (see Hazard Pattern 1.1.2), some of these incidents (ground
equipment is driven into the aircraft) are further aided by the use of ill-suited ground equipment for
the particular task to be performed. For example, in one incident, mechanics using a pushback tug as
a work platform backed the tug into the #1 engine thrust reverser. Specifically, the high windshield
on the tug contacted the aircraft. In this situation, the station did not have a lift that was suitable for
work in tight locations, and the work platforms that the station does own are difficult to locate when
needed. Additionally, in many of these incidents, no ground spotter was used when moving
equipment in close proximity to the aircraft. This is a violation of a company policy that is rarely
enforced.

Many of these incidents occurred in congested areas, where the mechanic was forced to maneuver
his vehicle through other parked ground equipment. Pressure to ensure on-time departures often
causes the mechanics to take 'short-cuts', instead of waiting for other vehicles to be moved out of the
safer path. For example, in one incident, a mechanic drove a tug with an airstart unit attached under
the right wing of a parked aircraft, contacting the aircraft. The mechanic was attempting to leave a
refueling station, and all of the other exit points were blocked with equipment and other vehicles.
The mechanic decided to take the open path under the aircraft in order to facilitate on-time departure
of his next flight. Although this was a conscious choice by the mechanic to violate the company
policy against driving under the aircraft, the decision was made in what the mechanic considered to
be the best interest of the company.

Unmanned Equipment Rolls Into Aircraft

In these incidents, equipment (tugs, etc.) which is left unattended by airline personnel, rolls into the
aircraft. These incidents can be divided into two categories, those in which an unmanned parked
vehicle rolls into an aircraft, and those in which a piece of equipment rolls into the aircraft. In most
of the incidents in the first category, the vehicle was left unattended, with the engine running and the
parking brake set. This is in violation of company policy that requires all vehicles to be turned off
when left unattended. However, in many of the northern stations, it has become standard practice to
leave the vehicles running at all times during the winter months, to prevent any problems restarting
the vehicles when they are needed. Ground damage incidents occur when the vehicle's parking brake
fails, allowing the vehicle to roll into a parked aircraft.
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In some situations, the mechanics are aware that the parking brake on the vehicle is not working
properly, but are reluctant to pull the vehicle out of service. This reluctance is driven by the shortage
of suitable equipment, and the feeling that plant maintenance will not be able to fix the problem
satisfactorily within a reasonable amount of time. In other situations, the mechanic is not aware of
the limitations of the parking brake and the supplemental braking systems installed by the airline.
The lack of awareness of potential hazards causes the mechanics to leave the vehicle unattended with
complete confidence that it will remain where it was parked. The limitations of the braking system
can be considered a latent failure in the system.

The second category of incidents, those in which equipment rolls into an aircraft, occur when the
equipment is not properly fastened into place (hitch pin engaged, or brakes set). For example, in one
incident, a cart that was being towed came loose and rolled into a parked aircraft. During the
subsequent investigation, it was found that the hitch on the tug had been modified. The modified
hitch was not as safe as the standard hitch, since it did not have a positive lock feature to ensure that
the hitch pin did not come loose. However, the standard hitch required more time to install, and more
strength (usually more than one person) to use as compared to the modified hitch. Since usually only
one person was assigned to a tow, the hitch had been modified to allow easier
connections/disconnections. Plant maintenance, the department responsible for the condition of the
ground equipment, was unaware of the modifications to the hitch on this vehicle. This particular
incident was exacerbated by a worn hitch pin which had worn small enough to come out of the hitch
body during the tow.

Hangar Doors Closed Onto Aircraft

In these incidents, airline personnel close the hangar doors onto the aircraft. This type of incident is
usually caused by misjudging the position of the aircraft within the hangar. In most situations, the
mechanics who close the hangar doors have simply assumed that the aircraft is correctly parked in
the hangar, and have closed the hangar doors without checking for clearance. However, in most
cases when this type of incident has occurred, the aircraft had been parked incorrectly in the hangar.
Thus, it is useful to consider why the aircraft could be parked incorrectly.

Since aircraft hangars are often quite congested, and are filled with other aircraft and equipment,
there is often only one correct place in which the aircraft can be parked. To correctly park an aircraft
in a hangar it is necessary for the aircraft to be towed into the hangar on the proper tow line for that
type of aircraft, and the tow stopped on the proper block. The tow line and stop block are painted
lines on the floor of the hangar. Ideally there is one line for each type of aircraft using that hangar.
Problems arise when the painted lines do not match the type of aircraft, and the mechanics have to
choose a different set of guide lines to follow. For example, in one incident, a DC-9 was pulled into a
hangar on a 727 tow line. The only two painted lines in this hangar were for the 727 and 757 aircraft.
Additionally, it is necessary to properly align the aircraft on the guide lines before it is too far into
the hangar, since it is difficult to adjust its position once the aircraft is in the hangar. Therefore, it is
desirable to have the guide lines extend outside of the hangar, to allow the tug driver and spotters to
properly align the aircraft as they enter the hangar. In places where the guide lines do not extend
outside of the hangar, it is much more difficult to properly position the aircraft in the hangar. Proper
positioning also assumes that it is possible to correctly position the aircraft in the hangar. If
equipment/workstands are in the path of the aircraft, or a tug that is too large is used, it may not be
possible for the mechanics to properly park the aircraft.

In other situations, an aircraft may be parked temporarily in a hangar that is not suited to that type of
aircraft. The hangar may not be big enough for the aircraft to fit completely inside. However, if
mechanics are not aware of this, they may routinely close the hangar doors without checking for
clearance. It is proper procedure for the door controls to be 'red-tagged' to indicate to everyone else
that the controls should not be used. This should be done by the mechanics who tow the aircraft into
the hangar, who should be aware that the aircraft is too long for the hangar. However, in incidents
where the doors were closed on a aircraft, the door controls were not red-tagged.
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Position of Aircraft Components Changes

In these incidents, the position of aircraft components (e.g., stabilizer, flaps, rudder, etc.) is changed,
either manually or through the activation of a hydraulic system, causing the components to contact
obstacles in their path. The first category of incidents, those in which an aircraft component was
manually adjusted, generally occurred because a workstand was left in the path of the component.
The mechanic failed to perform a walk-around check to ensure that the area was clear before
adjusting the component. In addition, no ground spotters were utilized to ensure that the component
did not contact anything during its move. It is the crew chief's responsibility to ensure that the proper
personnel is assigned to perform a given task. In many situations, the crew chief failed to assign
enough personnel and/or failed to ensure that the ground spotters were in place. Since the policy of
using ground spotters is rarely followed, many mechanics fail to even ask for assistance when they
have to adjust the position of an aircraft component. In addition, the time pressure to ensure on-time
departures encourages mechanics to complete their tasks as quickly as possible. The time used to
arrange for ground spotters might have been seen as time that can be used more effectively on
actually performing the task.

In the second category of incidents, the hydraulic system is activated (or deactivated), causing
aircraft components to return automatically to a neutral position. Often, the movement of these
components is unintended by the mechanic, who simply activates the hydraulic system for a different
purpose. However, the lack of awareness of the implications of hydraulic system activation have
caused many incidents. Since the mechanics do not consider what will happen all around the aircraft
when the hydraulic system is activated, they often fail to perform a complete walk-around to check
for proper clearance. Thus, the aircraft components may contact equipment that is being used by
another mechanic, performing an unrelated task. There are many other latent failures that can be
shown to contribute to this type of incident.

Most importantly, there seems to be no standard method of communicating the impending activation
of the hydraulic system to all of the mechanics working on the aircraft. Some mechanics simply yell
their intentions to all within earshot, but the noise in the hangar environment makes it very difficult
to hear and understand. In addition, as required by the company policy manual, the controls for the
hydraulic system should be 'red-tagged’ (with a Do Not Operate tag) if a mechanic is working in the
path of any of the components that may be affected by the hydraulic system. This is often not
performed.

These incidents are likely to occur because mechanics are often unaware of what other work is being
performed on the aircraft. Poor communication between the crew chiefs and the mechanics at the
beginning of the shift leaves each mechanic only with an understanding of his task assignment, not
the larger picture. Better communication will help mechanics become more aware of the hazards and
risks associated with their assigned tasks.

Center of Gravity Shifts

In these incidents, the center of gravity of the aircraft shifts unexpectedly, causing the aircraft to
contact the ground with either its nose (center of gravity shifts forward) or its tail (center of gravity
shifts backwards). In most of these incidents, the mechanics left a workstand or other piece of
equipment under the aircraft while they were working. When the center of gravity shifted, the
aircraft settled onto this equipment, causing damage to the aircraft.

In some situations, the passengers were loaded on board while the mechanic was working on the
aircraft. The mechanics were unaware that the loading had begun until the aircraft's center of gravity
began to shift. The poor communication among all of the airline personnel connected to a single
aircraft (mechanics, gate agents, ground crew, flight crew) is a latent failure behind many of these
incidents. Similarly, the work of other mechanics on the aircraft may cause the center of gravity to
shift as well. For example, if other maintenance work requires the aircraft to be jacked up, the center
of gravity shift will affect all other mechanics working on this aircraft. Lack of awareness of other
work on the aircraft, as well as poor communication between the different mechanics, contributes to
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these incidents.

In other incidents, the center of gravity shift is caused by improper procedures or equipment that is
being used to complete an assigned task. For example, one mechanic did not follow the DC-9
manual for supporting and jacking the aircraft, and chose to jack the aircraft improperly. This caused
the aircraft to be unstable, and the aircraft's center of gravity shifted. In other situations, the
mechanics use improper tools that cause the landing gear to collapse during functional tests, causing
damage to the nose of the aircraft. The mechanics may not even know that they are using the wrong
tools, since it is a common practice at this airline. This lack of awareness prevents the mechanics
from taking the correct precautions to avoid damaging the aircraft.

Aircraft Rolls Forward/Backwards

In these incidents, the aircraft rolls either forward or backward under its own power. This
unexpected movement causes the aircraft to contact obstacles in its path. In many of these incidents,
the aircraft is parked, and the wheels are not chocked (or are improperly chocked). In these cases, the
mechanics parked the aircraft in a remote parking area, and forgot to bring chocks with them. They
returned to the hangar, but were distracted before they could return to the aircraft with the chocks.

In other incidents, the mechanics request the cockpit crew to release the aircraft brakes while the
aircraft is connected to the pushback tractor. Then, the towbar is detached before the brakes are reset.
These incidents can also be attributed to the poor communication between the airline personnel
working on this aircraft. In some instances, the mechanics asked the cockpit crew to release the
brakes, without informing the pushback crew. The pushback crew then continued to prepare the
aircraft for pushback, without being aware of the maintenance problem that the mechanics were
working on. In other instances, one member of the pushback (wingwalker) was struggling to
disconnect the towbar, when the tug driver requested that the brakes be released to allow the towbar
to be repositioned. The wingwalker then successfully pulled the hitch pin, without knowing that the
brakes had been released, and the aircraft rolled forward into the tug.

Towing Vehicle Strikes Aircraft

In these incidents, the pushback tug being used to tow the aircraft, or the towbar connecting the tug
and the aircraft, comes in contact with the aircraft. In some of these incidents, the tug being used to
tow the aircraft slips on the ramp surface, causing it to jackknife and contact the aircraft. In these
incidents, the ramp is usually covered by snow and ice. Other latent factors contributing to this type
of incident include: the lack of traction augmentation for the tugs (e.g., chains for the tires); the use
of towbars which are too short (which allow the tug to contact the aircraft); the use of light tow
tractors that are subject to sliding; and poor ramp maintenance in snow/ice conditions. In fact, the
snow policy at one station even discourages the mechanics from calling to have the ramp sanded. At
this particular station, because of the high cost, sanding overnight can only be arranged by first
calling the manager at home. Since mechanics are reluctant to call their manager at home in the
middle of the night, they often choose to forgo sanding.

Other incidents occur when the mechanic is working alone to connect the aircraft to the tow tractor.
Generally, it is preferable to have two people connecting the towbar: one to drive the tug, the other to
connect the towbar. When only one mechanic is assigned to this task, he must repeatedly climb in
and out of the tug in order to ensure that the tug is properly aligned with the aircraft. Combined with
equipment problems, this may increase the potential for a problem to occur during the towbar
hookup. For example, in one incident, the mechanic's foot accidentally slipped from the brake to the
accelerator pedal while he was connecting the towbar. The brake pedal surface was worn completely
smooth, but the mechanic's footing may have been slippery from the conditions on the ramp. This
particular incident was compounded by additional problems with the gear selector on the tug, which
allowed the gear selector to slip into Drive from Neutral. This type of incident emphasizes the need
to keep all ground equipment in good operating condition at all times.

The need to maintain ground equipment in good condition is also illustrated by the following
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example. In one incident, the mechanic used a tug with a known problem with the door latch. The
door latch had been broken for a few days, but it had not been red-tagged and the tug was allowed to
remain in service. In addition, no safety restraint had been installed on the tug's door to prevent it
from swinging open. During a routine tow, the door of the tug swung open, contacting the aircraft
and causing damage. This incident was obviously preventable, had the defective equipment been
removed from service when the problem was initially detected.

Aircraft in Not Properly Configured for Towing

In these incidents, the towing operation was initiated before the aircraft was ready to be moved. The
movement of the aircraft caused damage to occur. These incidents are characterized by poor
communication between various members of the pushback crew. For example, in one incident, the
airstairs were left down when the pushback was initiated. The cockpit crew did not inform the tug
driver as to the status of the door light annunciator. This would have alerted the tug driver that the
door was open, and the aircraft was not ready to be towed. Although this is not required by the
company's general practices manual, it is suggested by the ramp standards practice manual. The
communication from the cockpit that the door was open would have prevented costly damage to the
aircraft. Another factor contributing to this incident is that the mechanic in charge of the aircraft tow
(the tug driver) was interrupted during his walkaround, and he failed to complete the walkaround
before beginning the tow. Finally, since this aircraft was parked in a wide open parking area, the tug
driver decided that no wing walkers would be necessary (as per usual ramp practice). This prevented
one last preventive measure from working as designed.

In another incident, the pushback tug driver initiated the pushback while a lavatory truck was still
servicing the aircraft. The wing walkers knew that the lavatory truck was still connected to the
aircraft, but failed to communicate this information to the tug driver. In addition, the wingwalker was
not using his wands to indicate the obstruction to the tug driver. The tug driver initiated the pushback
before the wingwalkers were in their proper positions, and before the 'all-clear’ signal was given by
the wingwalker. Apparently, there was some confusion as to whether the wingwalker must give the
all-clear signal before the pushback can begin, or whether the pushback should begin when the tug
driver sees all of the wingwalkers in their proper positions. The wingwalker mistakenly assumed that
the tug driver would wait for the all-clear signal before beginning pushback, so he did not indicate
the obstruction to the tug driver. The tug driver had been instructed to clear the gate to allow another
incoming aircraft to enter the gate, and was feeling pressure to maintain his departure schedule. The
latent failures of poor communication and confusion concerning the pushback procedure contribute
to this type of incident.

Aircraft Contacts Fixed Object/Equipment

In these incidents, the aircraft contacts a permanent, unmoveable fixture (e.g., the doors/walls of the
hangar) while being towed. Semi-permanent fixtures, such as snowbanks which exist for relatively
long periods of time, are included in this type of incident. Many incidents of this type are caused by
problems with the guide lines that are used to tow aircraft into maintenance hangars. The aircraft
might contact a fixed object when it is towed into the hangar off-center, i.e., when the aircraft is
improperly aligned on the guide lines. In some situations, the guide lines are incorrectly painted or
are quite confusing. In fact, in some hangars it is standard practice to park the aircraft in the hangar
off-center. In other situations, the guide lines do not extend outside of the hangar, making it quite
difficult to properly align the aircraft before entering the hangar. Congestion both inside and outside
of the hangar increase the difficulty of properly aligning the aircraft, by making it harder to
maneuver the aircraft into the correct position.

Another factor that contributes to this type of incident is the failure of the tug driver to stop the tow
when he loses sight of one of the wingwalkers. Although this violates company policy, the line
managers regularly permit this behavior to occur. In addition, in some cases the proper number of
guidepeople are not even used during the tow. Also, in some situations the tug driver consciously
decides to turn his attention away from one or more of the guidepeople in order to concentrate on
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other related matters (e.g., locating the guide line, checking clearance on one particular point on the
aircraft, etc.). In these situations, he is not attending to signals that the other guidepeople may be
giving him, and thus he will not be able to avoid contacting an obstacle in his path.

Incidents of this type are also caused when an aircraft is being pushed out of a hangar, and the
hangar doors are not completely open. This situation has occurred when a company aircraft is being
repaired in a hangar belonging to another company, or when another company's aircraft is being
repaired in this company's hangar. The damage to the aircraft is often caused by the visiting
mechanics' unfamiliarity with the hangar, as well as poor communication between the two sets of
mechanics.

Aircraft Contacts Moveable Object/Equipment

In these incidents, the aircraft contacts moveable objects/equipment while being towed. The
objects/equipment are not necessarily in the same location each time an aircraft is moved. Thus, it is
necessary for the mechanics to detect the objects before beginning the aircraft tow, and make the
necessary efforts during the tow to prevent contact with the aircraft. Many of these incidents involve
the aircraft contacting objects/equipment parked within the aircraft safety zone. The aircraft safety
zone is supposed to be indicated by painted lines at each aircraft parking area, to indicate where it is
safe to leave equipment. Objects left within the safety zone are at risk to be contacted by the aircraft
during the tow. It is company policy for the tug driver (who is in charge of the tow) to ensure that the
parking area for the aircraft is clear before beginning the tow. In many of these incidents, the safety
zone is not cleared before the aircraft is towed into the area. Generally, the tug driver, or other
guidepeople, assume that the aircraft will clear the objects/equipment that are left within the safety
zone. In other situations, malfunctions of the equipment parked in the safety zone prevent it from
being moved to a safer area. For example, in one incident, a loader was parked within the safety
zone. However, the right wheel of the loader was broken off, so it could not easily be moved from its
position. In a second example, a tail dock in one hangar was inoperative, and the tail dock could not
be lowered to the correct position. In this situation, the mechanic had not been informed of the
problem with the tail dock, although it had been red-tagged the previous day. There are also
situations where it is considered normal for equipment to be parked inside the safety zone. For
example, at one particular gate it is normal for the catering truck to be parked nearly eleven feet into
the safety zone for the adjacent gate. Such situations make it even more difficult for tug drivers to
ensure that the area is clear before the tow is initiated.

Another factor contributing to this type of incident is that the correct number of guidepeople is not
always used during aircraft tows. Although this is a violation of company policy, the policy is rarely
enforced, and the mechanics have become accustomed to moving aircraft with a limited number of
personnel. The reduced number of personnel makes it more difficult for the tug driver to ensure
clearance around the aircraft. In fact, some mechanics report that there are many more instances of
minor aircraft damage that go unreported. In addition, the congestion that surrounds the ramp and
hangar areas increases the difficulty of safely towing the aircraft.

There are also problems of communication that contribute to this type of incident. One of the
common problems is miscommunication between the tug driver and the guidepeople. In some
situations, the tug driver failed to recognize the hand signals given by the wingwalkers. In other
situations, the tug driver initiated the tow before the guidepeople were ready. Another latent
communication problem is that tug drivers do not routinely give verbal responses to commands from
the guidepeople. This becomes a problem when a guideperson gives a command to the tug driver,
and assumes that the tug driver sees and understands the command. This problem also manifests in
situations when verbal communication between the towing crew is difficult. Since the tug driver
must simultaneously attend to many areas of the aircraft, it is very difficult to ensure that the tug
driver will see the hand signals given by any one guideperson. However, the guidepeople are usually
not in radio contact with the tug driver, so verbal communication is also difficult, due to the
excessive noise inherent to the airport environment. When communication between the members of
the tug crew is difficult, it is likely that the tug driver will not be able to respond in time to any
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obstacle that may lie in the path of the aircraft.

7.3.2 Summary of GDI Hazard Patterns

From the highly-detailed GDI reports it has been possible to identify consistent hazard patterns, and
within these to derive the latent failures in addition to the more usual active failures. Table 7.2
summarizes the incidence of latent failures within hazard patterns.

The latent failures can also be tabulated by the hazard patterns in which they occur. Table 7.3
illustrates the most common latent failures that contribute to specific hazard patterns. It is important
to remember that each latent failure does not contribute to each incident within a hazard pattern, but
is simply a latent failure that has resulted in an incident of this type in the past.

From Table 7.2, it can be seen that the most frequently occurring latent failures are problems with
the equipment, use of an improper number of personnel, and a lack of awareness of risks and
hazards. This last latent failure is a broad category, including such failures as inadequate training,
and the assumption that adequate clearance exists without checking. However, it is not possible to
fully eliminate any of these latent failures using only the traditional technique of reprimand, motivate
and train.

Table 7.2 Incidence of Latent Failures

Latent Description of Number of
Failure ID Latent Failure Incidents

A Poor Communication 29

Al Poor Communication: Between Crew 24

A2 Poor Communication: Between Shifts 5

B Poor Equipment 72

B1 Poor Equipment: Inappropriate for Task 39

B2 Poor Equipment: Mechanical Problem 33

C Correct Number of Personnel Not Used 36

D Inadequate Space 30

D1 Inadequate Space: Congested Area 22
D2 Inadequate Space: Ill-suited for Task 8
E Problems With Painted Guide Lines 21

E1 Guide Lines: Do Not Exist 7
E2 Guide Lines: Do Not Extend Out of Hangar 4
E3 Guide Lines: Not Suitable for Aircraft 10

F Personnel Unaware of Concurrent Work 8

G Pressures to Maintain On-Time Departures 19

H Lack of Awareness of Risks/Hazards 34

| Pushback Policies Not Enforced _16
TOTAL 265

Note: Totals exceed the number of incidents due to multiple latent failures per
incident.

In order to eliminate these latent failures in the system, it may be necessary to make many changes in
the maintenance system. For example, the Plant Maintenance department may need to be
reorganized or enlarged in order to better maintain the ground equipment, or additional equipment
may need to be purchased. Also, managers may need to rethink their pushback procedures in order to
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ensure that the procedures can be applied to the real situations the mechanics must face on a daily
basis.

It is not suggested that managers discount the active failures that occur in the system, since clearly, if
the active failures are eliminated the incident will be prevented. It is just that going beyond the
surface to expose latent failures and/or root causes can: a) show up many problems which have
common interventions (e.g., better maintenance of equipment can eliminate many typical hazard
patterns, and thus prevent future incidents (see Table 7.3) and b) proposed interventions can go
beyond the traditional personnel actions of reprimand/motivate/train, which heretofore have proven
to be ineffective.

Table 7.3 Latent Failures By Hazard Pattern

Latent Failure ID
A Al A2 B Bl B2 C D D1 D2 E E1 E2 E3 F G H | Totals

H 1 17 13 4 53 33 20 22 12 8 4 8 2 1 5 8 11 22 4 157
A 11 5 2 3 4 30 17 17 11 8 3 7 1 1 5 1 6 10 2 106
<z 111 3 1 2 3 1 2 0 1 0 1 0 O O O O O 2 0 9

A 112 1 1 0 29 25 4 6 0 0 0 1 0 0 1 1 4 2 1 45

R 113 0 0 0 7 4 3 9 7 7 0 0 0 2 0 1 27

D 114 0 0 0 8 0 8 2 0 0 0 0 O 0 4 14

11 1. 0 1. 0 0 0 0 3 1 2 5 1 13 00 2 0 11

p 12 12 1171 1 6 3 3 5 1 0 1 1 1 0 0 7 5 12 2 51

A 121 8 7 1 1 1 0 5 0 0 0 0O 0O 0 O 2 3 5 0 24

T 122 2 2 0 3 2 1 0 0 OO 11 1 0 0G5 1 5 1 18

T 123 2 2 0 2 0 2 01 0 1 0 O O OO 1 2 1 9

E 2 12 11 1 19 6 13 14 18 14 4 13 5 3 5 0 8 12 12 108
R 21 0 0 0 8 3 52 000 O0O0O0O0O0O0 B3 0 13

N 22 2 2 0 0 OO O OOOOUOUOTO0OOTI1O0 1 4

23 10 9 1 11 3 8 12 18 14 4 13 5 3 5 0 7 9 11 91

1 231 2 1 1 4 1 3 2 8 4 4 5 1 1 3 0 1 3 4 29

D 232 8 8 0 7 2 5 10 10 10 0 8 4 2 2 0 6 6 7 62
Totals 29 24 5 72 39 33 36 30 22 8 21 7 4 10 8 19 34 16 265

7.4 OJI ANALYSIS

While the GDI reports represented a data collection system of considerable depth and complexity,
such is not typically the case with error/accident/incident recording systems. For example, Drury and
Brill (1983) analyzed hazard pattern for consumer products using a two-level system developed by
the Consumer Product Safety Commission. It is, therefore, important to include a data set with more
incidents and less details in our analysis, as any integrated system must be able to serve both needs.
On-the-Job Injuries (OJIs) in airline maintenance are a common problem which lead to significant
losses to the airline each year. The OJls analyzed during this research were the Technical Operations
(maintenance) injuries for the 1994 calendar year. A total of 785 injury reports was obtained for this
period including the insurance costs associated with many of these incidents. The total direct cost to
the airline for the data compiled was over $1,200,000. Obviously, the airline has a purely financial
interest in lowering the number of injuries that occur per year. These direct costs do not include loss
of productivity and quality due to moving personnel between jobs to compensate for missing injured
workers. OJlIs are already collected and statistical summaries are available showing frequency and
costs by body part injured and type of incident (fall from height, caught in, etc.) using ANSI-Z16
categories. Current analyses give little guidance on presentation or on latent failures, so that a hazard
pattern approach was taken as with the GDI reports. The hazard patterns used here were modified
from a set developed by one author (C. G. Drury) in a number of industries, to cover the specific
maintenance injuries recorded at the partner airline. Hazard patterns were developed for the injury
data by sorting the injury reports according to the type of situation that caused the injury. Sixteen
hazard patterns were developed for the injury data, as described below in Table 7.4.
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Table 7.4 OJl Hazard Patterns

Number of Percentage Percentage
Hazard Pattern Incidents of Total of Costs
1.0 Task Overstrain 240 30.57 35.25
1.1 Specific Incident 177 2255 287
1.1.1 Connecting or Disconnecting Towbars 19 242 215
1.2 Accumulated Repetitive Stress Injuries 44 561 4.4
2.0 Environmental Hazards 123 1567 3.23
2.1 Noise 2 025 058
2.2 Extreme Temperatures 6 076 0.12

2.2.1 Whole Body Exposure to Heat or Cold 2 025 0.02
Through Convection or Radiation

2.2.2 Skin Contact to Extreme Heat or Cold 4 051 0.10
2.3 Chemicals 48 6.11 167

2.3.1 Contact with Chemicals 37 471 1.29

2.3.1.1 Known Contaminant 34 433 0.57

2.3.1.2 Unknown Contaminant 3 038 0.72

2.3.2 Inhalation of Fumesor Gases 11 140 0.38
2.4 Foreign Objects From Environment 67 8.54 0.86

3.0 Surface Slips 113 14.39 16.7

4.0 Lose Control Of Equipment 108 13.76 215

5.0 Spatial Misperceptions 166 21.15 14.1

6.0 Traffic Accidents 4 0.51 11

7.0 Equipment Malfunction 19 242 79

8.0 Illlness 12 1.53 0.13

TOTAL 785 100% 100%

For each hazard pattern, a scenario was then developed to describe the pattern's common features, as
shown in the following section. It is important to note that only one year of injury data was
examined, and examining additional years of injury reports may change the statistical results
discussed below. In addition, since less information is available in the OJI system, it is very difficult
to understand all of the factors that contribute to these incidents.

The current OJI investigation tool is completed by the manager of the injured employee. The form
requires some basic information, such as the location, date, and the employee's name, identification
number, and age. Also, there is a small space for a written description of the incident. Most of this
form is series of checklists, from which the manager must choose one item from each category. The
categories include such basic information as: the type of aircraft, the type of accident, the type of
injury, and the part of the body that was injured. Other categories are included which target root
causes of the accident, including: substandard conditions, substandard practices, personal factors,
and job factors. However, no attempt is made to determine the reasons behind the identified factors.

7.4.1 OJl Scenarios

Specific Incident

These incidents occur when a mechanic suffers a strain while performing a specific task which he
was assigned to perform. The mechanic exerts more force on equipment during task performance
than the body can safely withstand in that posture, or the mechanic achieves an unusual posture
resulting in musculoskeletal strain. In each of these incidents, it is possible to identify what the
mechanic was doing at the time of the injury. This hazard pattern accounts for 22.6 percent of the
maintenance injuries, with associated costs of $356,413 (28.7 percent of the total costs of injuries).
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90 percent of these incidents are muscle strains, and over 56 percent of the strains are back injuries.
Many of these incidents occur when the mechanic is lifting, moving, or carrying objects as part of
routine activities. These incidents are also caused when the mechanic must maintain an awkward
position while working on an assigned task.

Connecting/Disconnecting Towbars

These incidents are similar to the miscellaneous task overstrain category described in Table 7.3 (see
1.1), but occur when the mechanic is connecting or disconnecting the aircraft towbar. The towbar
must be attached to the aircraft and the towing vehicle in order to tow the aircraft into a gate,
pushback the aircraft from a gate, or tow the aircraft from one place to another. The towbar is heavy,
and must be positioned accurately in order to properly lock the towbar in place. It is usually
recommended that two people be used to connect the towbar, but due to limited availability of
personnel, one person often attempts to connect the towbar without assistance. 68.2 percent of all
injuries resulting from this task are back strains. This type of incident accounts for 2.5 percent of all
injuries to maintenance workers and for 2.15 percent of the total amount spent on injury
compensation ($26,748).

Accumulated Repetitive Stress Injuries

These incidents occur when an injury can not be related to one specific occurrence or event. The
injury is the result of the mechanic performing his assigned duties over a long period of time. 25
percent of these injuries are arm strains, 18 percent are wrist injuries, and 1.6 percent are elbow
strains. These injuries are compatible with the frequent use of hand tools required by airline
maintenance work. Mechanics must often work using odd postures, and must use hand tools which
promote repetitive stress injuries in the wrists and arms.

This type of incident accounts for 5.6 percent of the total injuries for the year, and the costs
associated with this hazard pattern account are $55,205, only 4.4 percent of the total. However, it is
important to note that these injuries developed over a long period of time, and it is up to the
individual mechanic to decide when to report his injury.

Noise

Excessive noise can cause hearing damage, especially if the mechanic is exposed to high sound
pressure levels over a long period of time. The maintenance environment can be quite noisy, and the
mechanics are often required to use noisy hand power tools in close quarters. These incidents are not
pinpointed to a specific exposure, but are the result of accumulated exposure over the mechanic's
career. These injuries are generally identified during the mechanic's routine medical evaluations, and
are detected when hearing ability falls below a predetermined level. Only .25 percent of the injures
were due to excessive noise, accounting for .58 percent of the costs spent on maintenance injuries
($7,250).

Whole Body Exposure to Heat or Cold Through Convection or Radiation

These incidents occur when a mechanic must perform his assigned duties in extremely cold or
extremely hot temperatures. Cold temperatures may result in frostbite, while hot temperatures may
result in heat exhaustion, or even heat stroke. Mechanics must perform their assigned duties, no
matter what the weather conditions are on a given day. The work often must be performed outside,
or in non-heated hangar environments. Thus, mechanics are extremely susceptible to the effects of
the ambient temperatures if they are not aware of how to prevent being affected (properly dressing
for the weather, becoming dehydrated in hot conditions, etc.). This type of injury accounts for

only .25 percent of the total injuries, and for only .02 percent of the total cost of injury compensation
($213).
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Skin Contact to Extreme Heat or Cold

In these incidents, a mechanic comes in contact with either an extremely cold, or an extremely hot
surface. The injuries examined in this research were examples of mechanics coming in contact with
hot surfaces or liquids. The mechanics suffered burns due to contact with hot substances. This type
of injury accounted for .5 percent of all injuries, and for .10 percent of the total costs ($1,200).

Known Contaminant

Here, mechanics come in contact with a chemical substance while they are performing their assigned
duties. The chemical substance may contact the mechanic's skin, or may enter the mechanic's eyes.
These injuries generally occur when the mechanic is either painting, working near hydraulic fluids,
or is using various cleaning compounds. 67.7 percent of these injuries resulted from the contaminant
entering the mechanic's eye. Some of these injuries occur when the injured mechanic is simply
working in an area in which a contaminant is being used.

These incidents account for 4.3 percent of the total injury, but only .57 percent ($7,028) of the injury
costs.

Unknown Contaminant

In these incidents, mechanics develop rashes or other skin or eye irritations that cannot be pinpointed
to a specific occurrence at work. These incidents account for only .38 percent of the injuries, and

for .72 percent of the total cost ($8,939). The irritations are diagnosed to be a reaction to some
unknown contaminant in the work environment.

Inhalation of Fumes or Gases

Mechanics can experience an adverse reaction to the inhalation of fumes or gases while they are
working. Reactions to these contaminants are usually manifested as respiratory problems. These
incidents account for 1.4 percent of all injuries, and for .38 percent ($4,560) of the total expenditures
for injury. Substances that have triggered this type of incident include the fumes from: cleaning
compounds, gasoline, hydraulic fluids, and paint. This type of incident can be exacerbated by the
confined areas in which mechanics must often work.

Foreign Objects From Environment

In these incidents, mechanics get a foreign object in their eye while they are working. This type of
incident also includes foreign objects that enter other parts of the body, including slivers. 94 percent
of these incidents occur when the mechanic gets a foreign object in his eye, of which 46 percent are
due to dust, or other airborne particles. Often, the particle arises from work the mechanic himself is
doing, but these incidents also may occur as a mechanic is simply passing through an area in which
other mechanics are working. Many of these incidents occur when a mechanic fails to wear his
safety glasses, but many mechanics report that they were wearing safety glasses at the time of the
incident. This hazard pattern accounts for 8.5 percent of all injuries, but for only .86 percent of the
total cost ($10,320) spent on injury compensation.

Surface Slips

These incidents occur when a mechanic's foot, hand, or finger slips due to poor surface grip. In these
situations, the mechanic may lose control of his limbs and/or body and/or tools, resulting in a fall,
contact with a fixed object, or a musculoskeletal strain. 20 percent of these incidents result in back
strains, while 9.7 percent give ankle sprains, and 9.7 percent knee sprains.

Most of these incidents occur as a mechanic is climbing into or out of their work area (the aircraft, a
workstand, etc.), or are simply walking between two areas. The mechanic slips during the
movement, causing a strain or sprain. These incidents comprise 14.4 percent of the total number of
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injuries, and are associated with costs of $207,788 (16.7 percent of the total).

Lose Control Of Equipment

In these incidents, the mechanic loses control of the equipment and/or tools and/or materials that he
was using to perform his assigned task. The object then falls, or moves out of the mechanic's reach,
resulting in contact with the object, or a musculoskeletal injury suffered while trying to recover.
Many of these injuries occur as the mechanic is using hand tools. 43.5 percent of these injuries are
laceration to various body parts (24.1 percent are to fingers), resulting when a tool is dropped onto
the mechanic's hand. Other injuries that result are punctures, crush injuries and bruises. These are the
injuries that are expected when objects are dropped onto the mechanic's body parts. These incidents
account for 18.7 percent of total injuries, and for 21.5 percent of the total expenditures on injuries, or
$267,300.

Spatial Misperceptions

These incidents occur when a mechanic does not correctly perceive the position of tools, equipment,
aircraft parts, or the ground in relation to his position. The misperception results in either a misstep
or contacting a fixed structure with a body part. 38 percent of these incidents result in lacerations to
various body parts (fingers and head predominately), while 21 percent result in bruises to various
body parts (knee, elbow, and hand injuries occur most often). Many of these incidents occur while a
mechanic is maneuvering around an aircraft, when he misperceives the position of fixed objects on
the aircraft. Other incidents occur when a mechanic does not correctly perceive the hazards
associated with sharp items (sheetmetal, etc.). These incidents account for 21.2 percent of all of the
maintenance injuries, and for 14.1 percent of the total costs ($174,882).

Traffic Accidents

These incidents occur when a mechanic is injured while driving or while riding as a passenger in a
ground vehicle. In addition, this hazard pattern also includes incidents in which a mechanic is stuck
by a vehicle while working. Only .51 percent of all incidents fell into this category, and these
incidents account for 1.1 percent of the total injury costs. Most of the injuries are strains or sprains
resulting from the accident.

Equipment Malfunction

In these incidents, a piece of equipment breaks, sticks, or otherwise functions incorrectly. In many
situations, the mechanic is unable to control the equipment after it breaks, resulting in a fall, contact
with an object, or a musculoskeletal strain. In many cases, the mechanic is struck by an object that
has malfunctioned, and the mechanic happens to be in its path. For example, a mechanic may step on
a pallet and it breaks, causing him to fall through and sprain his ankle. Or, a locking mechanism on a
scaffold may break, causing the scaffold to collapse and contact a mechanic who is standing
underneath it at the time. Only 2.4 percent of the maintenance injuries fall into this category, but
their costs are responsible for 7.9 percent of the total ($98,500).

lllness

In these incidents. the mechanic becomes ill while performing assigned duties. The illness maybe
due to a previous medical condition, a new medical condition, an allergic reaction to something in
the work environment, or even job stress. These incidents account for 1.5 percent of the total
maintenance injuries, and for .13 percent of the total cost ($1504). Overall, the tasks being
performed at the onset of the illness are totally unrelated to the incident. One-third of these incidents
are allergic reactions.

7.4.2 Summary of OJI Hazard Patterns
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A data set such as that for OJls is collected in a less detailed and rigorous manner than that for GDIs.
The incidents are more common, and for at least some management personnel there is an element of
disbelief unless an actual wound can be seen. The emphasis in personal injury is on treatment of the
injured person, with data collection seen to some extent as a legally necessary, but somewhat
unrewarding, exercise. Interventions have concentrated on physical changes for chemical hazards
and personal protective equipment (e.g., hearing protection, bump caps), but the hazard patterns for
which these are effective represent only a small fraction of the total injuries and costs.

Interventions for many of the larger categories, such as task overstrain or losing control of equipment
tend to be oriented towards behavior modification using poster campaigns, reprimands from
supervisors or slogans. Such methods are typically quite ineffective, as seen by the continued large
numbers of injuries and costs associated with these hazard patterns. However, many of the latent
factors can be the same as those found in GDIs. Why was the mechanic hurrying? Why did a single
mechanic attempt to maneuver a towbar? Why did the mechanic have shoes incompatible with the
surface conditions?

Even though the data collection system lacks the depth to pinpoint the latent failures, it can still be
used to define patterns concentrating on the active failures, from which the existence of latent
failures can be deduced.

7.5 PAPERWORK ERRORS

If GDI reports represent the most detailed level of data available, and OJI reports a more usual level,
paperwork error records represent a bare minimum of causal information. Typically, only their
existence is noted, and the person who is directly to blame is identified for remedial action.
Integrating paperwork errors into a comprehensive error data collection system is likely to be
challenging.

In a typical maintenance system, mechanics use workcards to guide them as they perform tasks. The
workcards are usually based on maintenance manual or manufacturers' procedures, and provide
blocks for the mechanics to sign-off the completion of tasks. The workcards then serve as a legal
record of the work performed on the aircraft, with mechanics held responsible for the work that they
sign-off on the workcards. There are strict FAA guidelines that describe the use of workcards in the
maintenance environment. The FAA may fine an airline for failing to follow these guidelines. For
example, there are guidelines requiring that every block on a workcard be signed-off before the
workcard is considered completed. Thus, if a workcard is filed away before all sign-offs are
complete, the airline may pay a substantial penalty if the error is detected during an FAA audit.
Thus, airlines have a strong financial interest in eliminating errors in workcards, and mechanics have
an equally compelling interest in preserving their good names.

In this research, the paperwork errors of an isolated maintenance environment were examined. The
environment chosen was an airline engine shop, since the paperwork for this area is tightly
controlled and monitored by only one department. This department has been routinely checking all
engine paperwork that is submitted for filing after an engine has left the shop. Clerical workers are
responsible for ensuring that all of the paperwork has been properly completed, and for correcting
any errors before the paperwork is archived. The department staff in this particular airline had been
tracking the number of errors committed by the maintenance personnel, and had found that an
unacceptable number of errors had been made. However, the reasons for the errors being committed
had never really been addressed. This research has examined many of the typical errors committed
by maintenance personnel, and has identified latent failures in the system that contribute to the
commission of particular types of errors.

The paperwork examined in this research included engine documentation that was being reviewed by
the airline clerical staff during the project duration. Some of the paperwork examined included:
workcards, routing tags, file sheets and non-routine workcards. Originally, discussion of particular
errors with the maintenance personnel who committed the errors, in order to determine the
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surrounding factors that contributed to these specific errors was planned. However, this approach
was not feasible due to the long delay between paperwork submission and the error being detected.
Instead, a group of maintenance workers were brought together to discuss problems with the
paperwork, and to help identify factors that often contribute to errors.

A total of 136 paperwork errors was examined during this research. The errors were those that were
identified by the airline's clerical staff during its normal review of the paperwork. As with the GDIs
and OJls, the errors were classified into six patterns which covered the common features of the
incidents. The patterns for the paperwork errors, including the number of errors in each category are
presented in Table 7.5. Descriptions of each error pattern can be found in the following section.

Table 7.5 Error Patterns of 136 Paperwork Errors in Engine Maintenance
Total Percentage
Description of Paperwork Error Number of Total
Cannot Read PMI Stamp 2 1.4
Incorrect Verification of Status Figures 6 4.4
Failed to Initial Changes or Other Entries 4 3.0
Missed Compliance 10 7.4
Missed Intermediate Sign-Offs 46  33.8
Missed Final Sign-Offs 68 50.0
Total 136 100.0

7.5.1 Paperwork Errors

Cannot Read PMI (Parts and Material Inspector) Stamp

In these errors, the PMI correctly attempted to sign-off a step he had completed. However, the stamp
seemed to be improperly inked, and the stamp was not totally readable on the paperwork. It was not
possible to identify the PMI number from the paperwork, a condition not permitted by the
guidelines. This type of error should have been detected by the PMI when checking the result of the
stamping.

Incorrect Verification of Status Figures

At various points in the paperwork, the mechanic is required to pull an assembly status report for the
engine, and to record particular data on the workcard. The mechanic must choose the correct
information from the status report, and write the correct numbers on the workcard. Errors occur
when the mechanic chooses the incorrect figures from the status report, or incorrectly writes the
information on the workcard (e.g., transposes the numbers).

Similarly, the workcard requires that part numbers and serial numbers be written in at various points.
This is necessary to ensure that the same part is replaced on an engine during assembly that was
taken off the engine during disassembly. Errors occur when the mechanic incorrectly writes in the
necessary part numbers.

Failed to Initial Changes or Other Entries

Whenever a mechanic makes a mistake on a workcard, he must cross out the incorrect information
and write in the correct information. At the same time, he is required to initial the cross-out. In
addition, if a mechanic adds any extraneous information to the workcard, he is required to initial the
information. This requirement allows the reviewers to understand who made entries and/or changes
on the workcard. Errors occur when the mechanic fails to initial changes or additions to the
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workcard.

Missed Compliance

At various points within the engine paperwork, the mechanic must indicate whether a specific engine
component has: previously complied with (PCW), complied with (CW), not complied with (NCW),
or is not covered by (NA) particular service bulletins (SB), Engineering Orders (EO), Engineering
Authorizations (EA),etc. This information is obtained by checking the particular engine or part in
guestion in the airline's computer system. An item is considered to be PCW if the service bulletin
was completed on a previous visit to the engine shop. The item is CW if the service bulletin is
completed on the current visit to the engine shop. NCW is selected if the service bulletin has not
been completed on this engine, if the work is not performed on this visit, and if the work is
scheduled for a later visit to the shop. NA is indicated if the service bulletin does not apply to this
particular item. An error is made if the mechanic fails to indicate which option applies to the service
bulletin in question.

It is important to consider how the workcard presents this sign-off to the mechanic. In a typical
workcard, this sign-off appears as follows:

(1) SB XXXX
Complete SB
PCW CW NCW NA

The compliance choices are imbedded in the text of the workcard, and a separate sign-off block is
provided along the right hand side of the document (where all workcard sign-offs are located). The
mechanic is expected to indicate the correct compliance status, by either using a check-mark, or by
using his stamp. Then, the mechanic must also sign-off on the right hand side that the compliance
record was completed. This violates the guidelines for good workcard design, as described by Patel,
Drury and Lofgren (1994). For example, Guideline 10 states that "[the workcard] should have certain
consistent and common elements to foster generalizations across contexts.” For this type of sign-off,
the compliance record is located in a different location than the rest of the sign-offs. Consequently, it
could be predicted that the mechanics would be more likely to miss these required blocks. In
addition, contrary to most other workcard sign-offs, the compliance record requires two sign-offs for
completing the same task (once at the compliance record, once at the item sign-off).

Missed Intermediate Sign-Offs

The engine shop paperwork contains instructions for the complete disassembly, repairs, and
reassembly of the engine. At each step in the process, a mechanic will be required to sign-off that a
particular step has been completed. At some critical steps, sign-offs from both a mechanic and an
inspector are required. Further, PMIs are required to sign off that particular parts have been
inspected as the workcard specifies. Errors occur when one of these sign-offs is omitted. Generally,
if only one sign-off block in a process is blank, this indicates that the mechanic did complete the
work, but simply failed to complete the sign-off (This is usually the case, since the next step in the
process could not be completed if the previous step had been omitted). These are considered
intermediate sign-offs since they occur in the middle of a particular process.

From discussions with engine shop mechanics, various explanations for this type of error have been
identified. First, some mechanics complete an entire process before signing off any of the blocks on
the workcard so as not to disrupt their work sequence. Then, as they go through the paperwork, they
may simply accidentally skip over one of the necessary blocks. Or, a mechanic may be distracted or
interrupted as he is completing the sign-offs, causing him to omit a sign-off when he returns to his
task. Another possible explanation is that more than one mechanic may be working from one set of
paperwork (engine paperwork is separated into engine modules, and the paperwork for each module
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is bound together into one book). When one mechanic finishes a task, the book may not readily be
accessible for him to sign-off his task completion. The mechanic may then move on to his next
assignment, and may never remember that he did not complete the sign-off. This may also occur if a
task is completed immediately before the end of a shift. The mechanic may simply clean up his area
and go home before he has a chance to complete the sign-off.

Missed Final Sign-Offs

Final sign-offs are those sign-offs located at the end of one section of the paperwork. These sign-offs
are designed to give one mechanic (or inspector) the responsibility for ensuring that the paperwork is
properly completed. For example, an inspector is required to review a section of the paperwork, and
sign-off that that section has been properly completed. On a routing tag, one inspector must sign that
all of the work indicated on the tag has been completed correctly. In addition, when specific forms
are completed, a mechanic must sign-off on the file sheet (a 'table of contents’ included at the
beginning of the module paperwork book) that the paperwork has been competed. Errors occur when
the final sign-off is not completed.

However, on further examination of the wording of the final sign-offs, it is possible to see how
poorly designed sign-offs contribute to mechanics' errors. For example, consider the following final
sign-off that has been added to many of the workcards:

Ensure all items of form are complete and signed off.
Sign-off completion of form on file sheet.

This statement was recently added to the paperwork, in attempt to reduce the number of paperwork
errors. Its intention is to make one person responsible for ensuring that an entire section of
paperwork is properly completed. However, this one statement is responsible for 36 of the errors
examined in this research (26.5 percent).

This statement violates many of the guidelines for good workcard design, as described in Patel,
Drury and Lofgren (1994). For example, Guideline 18 indicates "Eliminate use of all illogical and
self-contradictory statements,” and Guideline 41 explains that "The task information should be
ordered/sequenced in the natural order in which the tasks would be carried out by most inspectors..."
However, this statement does not follow the natural order, since it requires the mechanic (or
inspector) to check all of the sign-offs in that section of the paperwork, then to go to the file sheet
and sign-off that the section has been completed. Finally, the mechanic (or inspector) must go back
to this page in the paperwork and sign-off this block. Generally, it is not expected that mechanics (or
inspectors) will flip back and forth between pages in the paperwork book. It is also interesting to
note that none of the errors examined had omissions of both this sign-off and the corresponding sign-
off on the file sheet. This indicates that if the mechanic (or inspector) goes to the file sheet (as
directed by the sign-off), he may not return to sign-off the final sign-off. However, if the final sign-
off is completed, the mechanic (or inspector) may have intended to sign off the file sheet later, and
forgot.

In addition, this final sign-off may appear on more than one page in a particular paperwork form.
However, there is only one place on the file sheet for the entire form. Thus, once the first of these
final sign-offs is encountered, the mechanic (or inspector) will sign-off the file sheet. It is therefore,
(technically), impossible for any of the other final sign-offs on that particular form to be completed.
This problem arises because a mechanic (or inspector) is not supposed to sign-off for work that he
has not completed and the file sheet can not be signed off. Thus, this statement also is illogical, and
self-contradictory.

It can be seen from this error pattern how an attempt to add another layer of checking can introduce
another opportunity for error. Total Quality Management principles would suggest eliminating extra

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



NextPage LivePublish Page 24 of 35

checks and ensuring the original process is performed correctly.

7.5.2 Improvements to Paperwork

By applying guidelines developed by Patel, Drury and Lofgren (1994), many improvements can be
made to the layout of the engine shop paperwork. In addition, discussions with engine shop
personnel have indicated that the paperwork has many additional content problems that need to be
addressed. There seem to be many workcard pages that are still included in the paperwork, although
they are not used. Each of these unused pages has a final sign-off that must be signed by an
inspector. (Thus, an inspector must sign-off that a blank page has been completed, which seems to
violate the role of a sign-off). Engine shop personnel have been unable to have these excess pages
removed from the paperwork. Addressing these issues should eliminate many of the latent errors in
the paperwork, and should result in fewer errors. Ensuring that all sign-offs are in a consistent
location will reduce the possibility of their being missed by a mechanic.

In the scope of this research, some possible improvements to a small section of engine shop
paperwork were prototyped. Changes were limited to making layout improvements to the existing
workcards. However, due to problems in organizing the team at the partner airline, it was not
feasible actually to test these newly designed workcards.

In addition, technological solutions could help prevent errors in transferring information between a
data source and the workcard. For example, when the engine paperwork is generated, the correct
compliance information could be automatically recorded on the paperwork. Similarly, electronic
workcards could allow more than one mechanic to access the paperwork at the same time, reducing
errors due to the unavailability of the workcards when needed by a mechanic.

Finally, it is important to note that this particular airline does plan some changes to its paperwork
system in the near future. However, the current plan is simply to convert the existing paperwork to
the new system, without making any layout or content changes. Thus, an ideal opportunity for the
maintenance personnel to address their concerns and an opportunity to reduce the latent failures in
the paperwork may be lost.

7.6 GENERAL INCIDENT ANALYSIS

It is useful to consider an example of how various error reporting systems may interact. Mechanics
are often required to use pushback tugs to move aircraft between gate and hangar areas. Ground
damage incidents have been found to be caused by defective parking brake systems in these tugs.
(The obvious question is why is a defective tug still in service on the ramp). Narratives from the GDI
report indicate that mechanics are reluctant to send a tug in for service because the Plant
Maintenance department (responsible for repairing ground equipment) is seen as inefficient.
Equipment can be out of service for a long period of time, and the problems may not be completely
fixed when the equipment is returned. Thus, one of the latent failures that contributes to ground
damage is the inefficiency of Plant Maintenance. However, if mechanics do not report their problems
with the service provided by Plant Maintenance, that department will not be aware of how their
performance has affected other areas of the maintenance system. The information gleaned from the
GDI may not be disseminated to the management or personnel in Plant Maintenance.

This example illustrates how poor communication can contribute to the repetition of errors in the
maintenance environment. In fact, the lack of communication about errors and their causes is
common throughout many areas of the industry. During the analysis, we found that although much
effort is utilized throughout the company to collect information about incidents and errors, little is
done to actually use this information to prevent future incidents. Information collected in error
reporting systems are currently used mainly for insurance and financial reports, and for disciplinary
action against maintenance personnel. In some cases, the error analysis provides motivation for
additional training to be conducted. However, the information is rarely used to provide insight into
system wide problems.
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Furthermore, the maintenance of separate error reporting systems for each type of incident (OJlI,
GDI, etc.) does not allow the common patterns of events to be detected. From the analysis of the data
in this study, it is possible to see that the same latent failures are at the root of many different types
of errors. However, the significance of each latent failure on the entire maintenance system is less
obvious when examining only one error reporting system, than when examining all of the errors in
the entire system.

7.7 INCIDENT INVESTIGATION METHODOLOGY

From the errors that we have examined during this research, it is obvious that it is important to
consider all of the factors that contribute to an incident. The obvious end result, or the active error
that is committed by maintenance personnel, is not nearly the end of the story for error investigation.
Latent failures in the system must be identified in order to determine why an error was committed.
However, many of the current error reporting systems are not capable of reaching this level of
investigation. Other reporting systems, such as the GDI system, do currently collect information
through which latent failures can be identified; But, the information is reported in such a way that it
is very difficult to extract the necessary information, and to produce effective recommendations for
action. In addition, the use of multiple error reporting systems, maintained by different departments
within an airline, make common issues difficult to identify.

It is therefore desirable to develop an incident investigation tool that can be applied to more than one
type of error. This tool must be able to get behind the obvious contributory factors to an incident to
identify the latent issues. However, not all incidents need to be examined to the same depth.
Therefore, the investigative tool must be flexible enough to address different levels of investigation.
In addition, the investigative tool must not be more cumbersome than the error reporting systems that
are currently in place and should hopefully be less cumbersome. The investigative tool should also
provide for multiple modes of intervention, beyond the relatively ineffective motivation and
counseling actions usually specified. The information from the system must be easy to extract and
disseminate, in order for the airline to learn from its mistakes.

The data that has been examined during this research forms the basis for a new investigative tool.
The various errors that have been considered have provided examples of the situations in which
errors are likely to occur. The hazard patterns that have already been identified can be used to guide
future error investigations. From what is known of typical latent and active failures for each type of
event, a set of investigative questions can be developed that can be used to analyze future errors. It is
critical that descriptive narratives be included in any investigative tool. Narratives from the people
involved in an incident generally include background information that provides an insight into what
people were thinking at the time of the incident, and the motivations for their actions. This
information helps to explain why the people involved performed as they did, which helps to identify
the latent failures in the system. Without a narrative, only the active failures can be seen, which may
not paint the whole picture for the incident investigators.

An investigative tool must fulfill certain roles, as described by Maurino, et al., (1995). It must be
able to identify the nature of the outcome of the event, identify the failed or missing defenses in the
system, identify any unsafe acts committed by the personnel involved (errors and violations), and
identify the local triggers that contribute to the incident. This investigative tool can be computerized
using typically available computer software. For example, an Access database has already been
developed to store information about the various incidents analyzed here. Electronic forms can be
designed to allow easy input of information (as they were for this project), and can in the future be
used to prompt the investigator as to relevant questions that should be asked during the investigation.
The data can be automatically stored in a database, on which various queries and reports can then be
run to analyze the incidents that have been investigated. Note that the requirement for storage and
retrieval in a computer system does not mean that questions need to be multiple choice from a fixed
set of answers. In this project we have used data entries in narrative form and been able to search for
and retrieve specific information. To use this investigation tool, it will be necessary to provide
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additional training to maintenance personnel. This type of investigative tool differs from the
approach usually taken in airline maintenance. Personnel must learn how to look beyond the obvious
active failures (errors and violations), in order to determine the latent failures. This, in fact, has been
attempted with the introduction of MEDA.

MEDA, or the Maintenance Error Decision Analysis, was developed by Boeing (Hibit and Marx,
1994) in conjunction with various partner airlines. It is designed to capture errors in the system
which are not necessarily reportable incidents to other existing reporting systems. It uses a checklist
approach to examine the factors surrounding the incident. However, its lack of narrative detail limits
its usefulness as a preventive tool. Although data is collected on the existence of many performance
shaping factors, airline personnel are not really encouraged to consider why particular events occur,
or why they contributed to the error. In addition, MEDA is still fairly lengthy, and requires a
significant amount of time to complete (1 hour +), which may be perceived as too much time in a
hectic maintenance environment. Thus, it is unlikely that all errors will be recorded in the MEDA
system. In addition, until all departments are using the MEDA tool, and have a computer system in
which all of the MEDA reports are integrated, it will be difficult to share information between the
various departments. This latter will apply to any data collection methodology until it achieves
widespread use.

Using the design requirements listed above, a prototype incident investigation system has been
developed. This Unified Incident Reporting System (UIRS) had a common reporting form for all
incidents, whether the incident was a paperwork error, an injury, ground damage or even had no
adverse outcome. Appendix 2 shows the common reporting form and the attachments for specific
outcome types. Both forms were designed using the hazard patterns and analysis presented in this
project, with the hazard pattern analysis being seen most clearly in the outcome-specific attachments.

In the common form, a human factors engineer would recognize the breakdown into
task/operator/machine/environment, although these have different titles and are in a different order.
Section 5 of this form directs the user to one of a number of specific forms based on the hazard
patterns developed. The three outcomes studied here would come under 5A, 5C and 5E, and forms
are provided for these. Incidents without specific outcomes, as collected by MEDA, are covered by
5E. (Note that the developers of MEDA have not allowed us access to MEDA incidents and, thus, we
have not developed hazard patterns specific to these incidents). The set of outcome-specific forms
can be expanded as needed in future.

Appendix 2, Number 6 of the form has the analyst and/or the person involved list the active failure
and the latent failures. These latent failures come from the common form and the specified probes on
each outcome-specific form. Using these latent failures, event trees such as those in Appendix 1 can
be constructed. These form the basis for action recommendations in Appendix 2, Number 7. Note
that we ask for two possible interventions: a system change and a personal change. This is to reduce
the easy reliance of inexpensive and ineffective personnel actions when an incident takes place, and
to encourage the analyst to think through more permanent system changes.

At present, the UIRS is being reviewed by our airline partners.

7.8 INCIDENT PREVENTION

In traditional maintenance systems, once management is aware of potential errors, they use various
methods to train, threaten, motivate, or inform their personnel of the situation. For example, a
mechanic involved in a GDI where an aircraft is towed into a hangar wall may receive a reprimand
in his personnel folder, and may be sent for additional training on procedures for towing aircraft. A
memo may be sent to other maintenance stations (or may be simply circulated at the station of
occurrence) reminding people of the hazards associated with towing aircraft. Chances are that
another similar event will not occur for some time. After all, aircraft are towed many times daily
without incident. However, over time, it would be expected that, unless permanent changes in the
underlying latent failure factors are implemented, the mechanics will revert to the same procedures
in use at the time of the incident. This is because the latent failures remain in the system to
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encourage the sub-optimal behavior. Maurino et al., (1995, p. 100) show that incident investigators
often condemn the use of improvisation by the workforce, and advocate strict adherence to
procedures and the development of additional checklists. However, to be effective, procedures have
to be correct, available, credible, and appropriate for the situation at hand; Additional procedures and
stricter enforcement will not prevent all errors. We need to ask why the mechanic, for example,
thought that the best course of action was to violate the procedures.

Thus, once the latent failures can be identified, other solutions must be implemented in order to
prevent future incidents. For example, procedures may need to be rewritten to better suit the realistic
needs and expectations of the mechanics. In a recent example, Pearl and Drury (1995) showed that
the specified sequence of steps in overnight checklists would require far more time and effort than an
easily-perceived alternate sequence. Under such circumstances it will only be a matter of time before
the easier (incorrect) sequence becomes the norm. Management may need to be more conscious of
the signals that they are sending to the workforce. Finally, technical solutions may be implemented
to help eliminate certain errors. For example, it may be possible to mount mirrors or closed circuit
televisions at the gate areas to assist the pushback tug driver in ensuring adequate clearance during
aircraft tows.

7.9 CONCLUSIONS

Most importantly, it is important to remember that only a small percentage of unsafe acts (errors and
violations) lead to reportable incidents. In most cases, the multiple layers and redundancies of system
safety defenses act efficiently to protect the system. In instances where the layers of defenses are
breached, a number of factors must occur in conjunction to produce an incident (Maurino, et al.,
1995). In addition, maintenance personnel typically are very conscientious and would not perceive
themselves as intentionally endangering the system. Unsafe acts that are committed are either
unintentional, or are done with the very best intentions. Mechanics want to perform their duties as
efficiently as possible, and to the best of their abilities. Also, mechanics are especially good at
devising innovative solutions to problems they may encounter. These innovative solutions usually
work well, but occasionally may become an unsafe act. We need to find ways to safely harness this
innovative potential in a highly regulated system.

There are many latent failures in the system that have been created by decisions of the upper
management levels of the organization. These decisions filter down throughout the organization,
causing inherent latent failures in the maintenance system. For example, the emphasis on on-time
performance from upper management encourages mechanics to take short-cuts in order to remain on
schedule. Mechanics may choose to use readily available (but unsuitable) access equipment to
perform a task, instead of spending the extra time to locate the more suitable equipment. These latent
error-producing conditions interact with mental and physical states to generate unsafe acts (Maurino,
et al., 1995). Defenses, barriers, and safeguards are imposed in the system to mitigate or block the
adverse consequences of these unsafe acts. However, when a defense is weak or missing, the unsafe
act is able to penetrate and cause a reportable incident.

In order to prevent mechanics from committing the same errors over and over, it is necessary to learn
from the previous mistakes. The latent failures must be identified and confronted in order to be
eliminated. In the current error reporting systems, it is very difficult to determine these latent failures
so that they continue through understandable neglect. Thus, the current system concentrates on
addressing the active failures, or unsafe acts of particular mechanics.

It is necessary to develop a new error reporting system that is able to target the latent failures in the
system. This new tool must be able to address the various investigative levels warranted by different
types of errors. Such a tool can be developed by using the information learned by examining past
errors to develop a set of investigative questions. These questions can then be computerized to
facilitate storing, analyzing and acting upon the information.
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Unified Incident Reporting System
1. The Person Involved

Name Age Gender

Years in current job Years at airline Years performing this task

Comments on experience

Describe person's condition at the time of the incident. Include any medical conditions, sleep loss, unusual life
events.

Describe training completed in past five years

Did person's clothing contribute to the incident? If YES, describe clothing worn

2. What Happened?

Date of Incident Time of Incident

Describe activities on the day of the incident, up to 5 minutes before the incident

Describe activities in the minutes before the incident. Include any events which disrupted the usual
sequence:

2.1 What action was being performed, with the intended result

2.2 What went wrong to prevent this action from being completed as intended?

2.3 Did the person to try to recover? How?

2.4 If damage/ injury occurred, what happened at the moment of impact or injury?

2.5 What damage / injury resulted?

3. The environment

Lighting conditions at point of incident
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Temperature Wind conditions

Noise conditions

Other relevant environmental factors (surface condition if slip, distractions if missed sign-off, unstable workstand,...)

4. The Equipment involved

Types of equipment  Specific equipment Identification ~ Any defects in equipment?  Which defects were
(aircraft / component /  (aircraft type, engine  Number (if any)  (not working properly, known to person?
vehicle / tool,......)  type, vehicle type, worn, ........ )

wrench size,........ )

5. Results of Incident

Aircraft Damage Complete Section 5 A

Equipment / Building Damage = Complete Section 5 B
Personal Injury / lllness  Complete Section 5 C

Delay to Operations Complete Section 5 D

Operational Incident (e.g. turn-back)  Complete Section 5 E
None, incident recovered successfully ~Complete Section 5 F

5A. Aircraft Damage

Questions Pertaining to When Task Was Assigned:

5A.1 Were proper number of personnel assigned? If NO, why were the incorrect number of people assigned to
this task?

5A.2 Was the proper equipment (or tools) available? If NO, why was the proper equipment not available?
Could the proper equipment have been obtained? If NO, why not?

5A.3 Was the work area properly prepared for the assigned task? If NO, What preparation was not
performed?

Why was area not properly prepared?

Questions Pertaining to Task Being Performed:
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5A.4 Were ground spotters required for this task?
- If YES, were spotters used? Were the proper number of spotters used?

If not, why not?

Were personnel available?

- If NO, why were spotters not used?

Whose decision was it not to use spotters?

5A.5 Was the proper equipment/tools used for this task?

- If YES, was it working properly? If NO, why was this equipment still in service?

Describe the problem with this piece of equipment

Was the mechanic aware of the problem at the beginning of the task?

- If NO, was improper equipment used instead? If YES, why was this equipment substituted?

What is the implication of this substitution on the task?

What are differences between this equipment and the proper equipment?

Was this equipment working properly? If NO, describe the problem with this piece of
equipment
5A.6 Was work area suitable for this task? If NO, why was this work area used?

What should have been

performed at this area to better suit this task?

Why wasn't area properly prepared?

5A.7 Did the mechanic's actions follow his intentions? If NO, what happened to cause the
discrepancy?

5A.8 Was communication satisfactory? If NO, were the proper tools available to aid communication?
Did members of the work crew understand each other? If not, what were the
difficulties encountered?

Could better communication have prevented the error? Was the paperwork satisfactory for this task?
If not, describe the error or inconsistency in the paperwork.

How did the paperwork contribute to the error?

5A.9 Were established procedures followed? If NO, what changes were made to the
procedure?

What are the advantages of the changes that were made?
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Why were the changes made?

5A.10 Were the established procedures satisfactory for the job?

- If YES, are these procedures the documented procedures? If NO, why has the procedure been
routinely violated by personnel?

- If NO, what are the problems with the procedures?

Is this the documented procedure? If NO, are violations of the procedure ever enforced?

What are the advantages of the violations?

Acre violations encouraged by management? If YES, describe how.

5C. Personal Injury/Iliness

5C.1 Was proper safety equipment used? If NO, why not?

5C.2 Was task being performed in a restricted (or confined) space?

5C.3 Were proper number of personnel assigned? If NO, why were the incorrect number of people assigned to
this task?

5C.4 Were established procedures followed? If NO, what changes were made to the

procedure?

What are the advantages of the changes that were made?

Why were the changes made?

5C.5 Were the established procedures satisfactory for the job?

- If YES, are these procedures the documented procedures? If NO, why has the procedure been
routinely violated by personnel?

- If NO, what are the problems with the procedures?

Is this the documented procedure? If NO, are violations of the procedure ever enforced?

What are the advantages of the violations?

Acre violations encouraged by management? If YES, describe how.

5C.6 Did the mechanic's actions follow his intentions? If NO, what happened to cause the
discrepancy?
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5C.7 Was communication satisfactory? If NO, were the proper tools available to aid communication?
Did members of the work crew understand each other?

If NO, what were the difficulties encountered?

Could better communication have prevented the error? Was the paperwork satisfactory for this task?

If NO, describe the error or inconsistency in the paperwork.

How did the paperwork contribute to the error?

5C.8 Was the proper equipment/tools used for this task?

- If YES, was it working properly? If NO, why was this equipment still in service?

Describe the problem with this piece of equipment

Was the mechanic aware of the problem at the beginning of the task?

- If NO, was improper equipment used instead? If YES, why was this equipment substituted?

What is the implication of this substitution on the task?

What are differences between this equipment and the proper equipment?

Was this equipment working properly? If NO, describe the problem with this piece of
equipment

5C.9 Was this injury caused by repetitive motion, or accumulated stress over time?
5C.10 Was the mechanic aware of the risks and hazards associated with this task?

If NO, why not?

5E. Operational Incident

Questions Related to Paperwork Errors

5E.1 Was the sign-off embedded in the text of the workcard?

5E.2 Is this sign-off illogical and contradictory? If YES, does it require the signer to have more than one
page of the workcard open at once, or to go between two pages of the workcard?

5E.3 Is this a sign-off that corresponds to one specific action performed by the signer?

If NO, what does this sign-off designate?

5E.4 Do sign-offs match the work sequence of the mechanic?

6. Active and Latent Failures
From Sections 1 through 5, list all contributing factors.

Active Failure: describe the final action which led to the incident, i.e. the immediate cause
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Latent Failures: Summarize the failures and conditions which contributed to this incident

Personal Factors
P-1
P-2
P-3
P-4
P-5
P-6
P-7

Equipment Factors
E-1
E-2
E-3
E-4
E-5
E-6
E-7

Environment Factors
EN-1
EN-2
EN-3
EN-4
EN-5
EN-6
EN-7

Organizational / Managerial Factors
OM-1
OM -2
OM-3
OM-4
OM-5
OM -6
oM -7

7. Action Recommended and Taken

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



NextPage LivePublish Page 35 of 35

Suggest a change to the equipment, tools or procedures to prevent future
incidents

Suggest a change to the person (specific training, motivation etc.) to prevent future incidents

What action has been taken?
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CHAPTER 8
ELECTRONIC ERGONOMIC AUDIT SYSTEM FOR
MAINTENANCE AND INSPECTION

Gopinath Meghashyam
Information Division, Galaxy Scientific Corporation

8.1 INTRODUCTION

This Audit Program was developed at Galaxy Scientific Corporation, in cooperation with the State
University of New York at Buffalo, for the Federal Aviation Administration (FAA), Office of
Aviation Medicine (AAM). The purpose of the development task was to integrate a variety of
ergonomic audit tools into a comprehensive package. This ergonomic auditing system called
"ERgoNomic Audit Program” (or ERNAP), can be used to carry out an ergonomic evaluation of
maintenance and inspection operations. ERNAP also can be used to guide designers to build
ergonomically efficient procedures and systems. ERNAP is simple to use and applies ergonomic
principles to evaluate existing and proposed tasks and setups. It also suggests ergonomic
interventions. The package consists of a user interface, an expert system, a help module, a printing
module, and a reference database. The user interface supports user learning, guides the user through
the steps, describes the less familiar ergonomic principles, allows the user to access on-line help, and
is simple to use. The expert system evaluates the user inputs based on the reference database and
different models of analysis.

8.2 THE AUDIT PROGRAM

From detailed task descriptions and task analyses of maintenance and inspection activities, Drury,
Prabhu and Gramopadhye (1990) developed a generic function description that has been used in this
audit program. An audit program involves data collection, data analysis, data storage, and results
presentation. Data is collected through a series of observations and readings. This data collected is
then analyzed based on guidelines and standards. The analysis is then presented to the user in a
suitable / useful format. All the data collected, the data analyses, and its results can be saved for later
reference if necessary. This entire process can be performed using a manual (paper-based) method or
a computer-based method.

Meghashyam (1995) did a comparison of manual- and computer-based methods of ergonomic
analyses in which the computer-based method is found to be superior in performance. Pusey (1994)
did a similar comparison of ergonomic audits for carpal tunnel syndrome and arrived at a similar
conclusion. In practice, a combination of both methods is preferred due to hardware constraints.
ERNAP is based on the checklist concept. ERNAP consists of a data collection module, a file
handling module, an expert system module, a printing module, and a help module.

Table 8.1 Classification of Modules in ERNAP

Data Collection phases
Human Factors Pre-Maintenance phase Maintenance phase Post-Maintenance
Grouping phase
Information 1. Documentation 6. Documentation  23. Buy-back
Requirements 2. Communication 7. Communication

Environment 3. Visual Characteristics 8. Task Lighting
9. Thermal
Characteristics
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10. Thermal
Perception
11. Auditory
Characteristics
Equipment / Job Aids 4. Equipment Design  12. Equipment
5. Access Equipment  Availability
13. Access
Availability
Physical Activity / 14. Hand Tools
Workspace 15. Force
Exertion
16. Manual Mtls.
Handling
17. Vibration
18. Repetitive
Motion
19. Physical
Access
20. Posture
21. Safety
22. Hazardous
Materials

8.3 DATA COLLECTION MODULE

The data can be collected directly by using a portable computer, or by using the paper form of the
checklists. Data collection is classified into three phases:

Pre-maintenance
Maintenance

Post-maintenance.

In each of these phases data is collected on one or more of the four Human Factors Groupings,
following Prabhu and Drury (1992) and Latorella and Drury (1992). Table 8.1 shows the clear
classification of the data collection modules. The Data Collection module consists of twenty-three
checklists. A brief description of each checklist is given in the next section.

8.3.1 Pre-maintenance phase

Documentation: Concerns itself with information readability, information content: text & graphics and
information organization.

Communication: Between-shift communication and availability of lead mechanics/supervisors for questions
and concerns.

Visual Characteristics: Overall lighting characteristics of the hanger: overhead lighting, condition of overhead
lighting, and glare from the daylight.

Electrical/pneumatic equipment issues: Evaluation of the equipment which uses controls: ease of control,
intuitiveness of controls, and labeling of controls for consistency and readability.

Access Equipment: Evaluation of ladders and scaffold for safety, availability and reliability.
8.3.2 Maintenance Phase

Documentation: Physical handling of documents and the environmental conditions affecting their readability,
i.e., weather and light.
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Communication: Communication issues between coworkers and supervisors, and whether or not suggestions by
mechanics are taken into consideration.

Task lighting: The overall lighting available to the mechanic for completing the task. Evaluates the points such
as light levels, whether personal or portable lighting is used, and whether the lighting equipment is causing
interference with the work task.

Thermal issues: The current conditions of thermals in the environment in which the task is being performed.
Operator perception: Operator perceptions of the work environment at present, during summer, and during
winter.

Auditory issues: Determine if the sound levels in the current work environment will cause hearing loss or
interfere with tasks or speech.

Electric and pneumatic issues: The availability of any electrical/pneumatic equipment, whether the equipment is
working or not, and ease of using the equipment in the work environment.

Access equipment: Availability of ladders and scaffolds, whether the equipment is working or not, and ease of
using the equipment in the work environment.

Handtools: Evaluates the use of hand tools, whether or not the hand tools are designed properly to prevent
fatigue and injury, and usability by both left and right handed people.

Force requirements: Forces exerted by the mechanic while completing a maintenance task. Posture, hand
positioning, and time duration are all accounted for.

Manual Material Handling: Uses NIOSH 1991 equation to determine if the mechanic is handling loads over the
recommended lifting weight.

Vibration: Amount of vibration a mechanic encounters for the duration of the task. Determines if there are
possible detrimental effects to the mechanic because of the exposure.

Repetitive motion: The number and frequency of limb angles deviating from neutral while performing the task.
Takes into consideration arm, wrist, shoulder, neck, and back positioning.

Access: Access to the work environment; whether it is difficult or dangerous, or if there is conflict with other
work being performed at the same time.

Posture: Evaluates different whole-body postures the mechanic must assume in order to perform the given task.

Safety: Examines the safety of the work environment and what the mechanic is doing to make it safer, e.g.,
meaning of personal protective devices.

Hazardous material: Lists the types of chemicals involved in the maintenance process, whether or not the
chemicals are being used properly, if disposal guidelines are being followed, and if the company is following
current EPA requirements for hazardous material safety equipment.

8.3.3 Post maintenance

Buy-back: Usefulness of feedback information to the mechanic and whether or not buy-back is from the same
individual who assigned the work.

By using separate modules, ERNAP allows the users to make specific or comprehensive audits.

8.4 FILE HANDLING MODULE

The file handling module consists of different options that allows the user to maintain the different
audits better. The options that are available to the user are open audit, save as new audit, rename
audit and delete audit. To open a previously completed audit, the user selects Audit | Open. By doing
this the user can go back to an audit conducted earlier and all the relevant information about the
audit, such as the checklists selected for audit, the information entered into these modules, audit
description, etc., is displayed again. To conduct audits that are of similar nature, the user can open an
existing audit and save this audit as a new audit allowing all the information from the earlier audit to
be transferred to this new audit. To do this, the user selects "Audit | Save as new Audit” from the
menu. To rename the current audit under a new name, the user selects "Audit | Rename this Audit"
from the menu. Finally, Stored audits which are not required can be deleted. This can be done by
selecting the menu option Audit | Delete Audit from the menu. Deleting an Audit removes all the
information about an audit from the database.

8.5 EXPERT SYSTEM MODULE
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ERNAP gives the user a feedback on the ergonomic aspects of the activity being audited. If the user
wishes a feedback, then, after entering all the information requested by ERNAP, the user can select
"Audit | Analyze". This module will analyze all the information entered by the user in the checklists.
It does this by using a rule-based expert system, CLIPS. The rules used by CLIPS are based on the
research carried out at SUNY Buffalo. The total number of rules used by CLIPS to carry out the
analyses are about 300. These rules are fired based on the information that has been provided by the
user in the audit checklists. After analysis is completed, CLIPS passes the information to ERNAP
which presents the analysis and suggestions in a suitable format.

8.6 PRINTING MODULE

This module caters to the printing requirements. The user can print either the checklists themselves
with the information entered or without the information entered into the checklists. The advantages
of this would be in those situations when it is not possible to get all the information on the computer
directly. By printing an empty checklist, the user can collect all the necessary information on a paper
based format and enter it later to into ERNAP for carrying out the analysis. To print the module, the
user selects "Audit | Print | Modules™. Once the analysis is completed, the user can print the analysis
as a report. to do this the user selects "Audit | Print | Analysis".

8.7 HELP MODULE

ERNAP was designed such that it also can be used by a person who is not necessary well versed
with all the ergonomic terminologies. In order to do this, ERNAP provides links to an on-line help.
The on-line help consists of hot words, glossary of terminologies, pictures, and diagrams. By
providing an on-line help to the user, ERNAP explains the ergonomic terminologies used to get all
information about the task being audited. Hot words on the checklists (modules) are linked to the
help topics within the help module. The help module also can be referred to in its entirety. A
glossary of terms is also provided to help the users better understand the terminology. The users can
also directly access the help module by selecting "Help | Help Contents".

8.8 USING ERNAP

On starting ERNAP, the first screen comes up showing information about ERNAP. Following this
the next screen comes up as shown in Eigure 8.1. The user has the option to either select begin a
"New" or "Open" an existing Audit. Selecting "Cancel" shall bring the user to the main screen of
ERNAP as shown in Figure 8.2. ERNAP then waits on the user to either begin a "New" ergonomic
audit or "Open" a saved ergonomic audit. By selecting "Open", the user can revisit earlier audits as
shown in Figure 8.3. Selecting "Begin a New Evaluation™ starts a completely new ergonomic audit
and selecting "Open an Existing Audit" starts an audit conducted earlier. These options are available
to the user in the "pull-down™ menus. Selecting either of these (Open or New), brings up a screen
that displays the different modules of ergonomic evaluation. The user at this point can select any or
all of the ergonomic audits. This can be done by selecting the check boxes provided against each
audit, as shown in Figure 8.4.

Figure 8.1 Opening Screen of ERNAP
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ERNAP will step through only those modules that are selected by the user, thus allowing a partial
audit. Once the user has started the audits, ERNAP starts with the first module and presents the user
with specific questions related to the operation being audited. Figure 8.5 shows an example of an
audit. ERNAP uses a simple user interface for the input of information related to the operation under
audit. The user interface has been developed based on the principles of human-computer interaction.

Figure 8.5 Checklist example
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The user can either use a "mouse” to make the selections or use the "tab™ key in combination with
the "enter" key on the keyboard. On each module, help is provided to the user on the terminology
used in the questions asked by ERNAP. Clicking the mouse on the hot words brings up more
information about that section of the audit. The user can also get general help from the "Help"
section of the "pull down menu”. This provides information about ERNAP, its developers, and other
relevant information. Furthermore, help on the menu item selected is shown in a status box towards
the bottom of ERNAP main screen. The user can also directly go to the required audit by selecting
the audit module from the "pull down menu™. The index tabs help the user move to different sections
within each module. The user can exit from ERNAP by selecting the "exit ERNAP" option in the
pull down menu. After the user completes all the audits that were selected earlier, the expert system
CLIPS, analyzes this information and compares it with the standards database. Based on its analysis,
it provides the user with suggestions. The analysis is based on standard models in the Human Factors
Literature. This information about its findings and its suggestions is presented to the user, as shown

in Eigure 8.6.
Figure 8.6 Analysis and Suggestions by ERNAP
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The Expert System module helps update the database, based on new research. Specific information is
provided to the user about the operations that were under audit. ERNAP shows the results of the
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audit to the user when requested. ERNAP also saves this information in a file. This information from
the file also can be printed by selecting “print” from the pull down menu. A screen comes up asking
the user's choice for printing as shown in Eigure 8.7. If the user needs help at any point of time, the
help module screen comes up as shown in Eigure 8.8. The help module consists of pictures,
definitions, glossary and a detailed explanation about using ERNAP.

Figure 8.7 Analysis and Suggestions by ERNAP
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Figure 8.8 Help module of ERNAP
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8.9 INSTALLATION, SYSTEM REQUIREMENTS, DISTRIBUTION

ERNAP requires an IBM PC-compatible 486 with SVGA monitor running MS Windows 3.1 and
having at least 4AMB RAM. However, it is recommended to have 8MB RAM. It has been designed to
run in the 640 x 480 resolution, but can adapt to the 1024 x 780 resolution. ERNAP can be installed
off the CD-ROM by either double clicking the "setup.exe” under the ERNAP directory, or by
running "setup.exe" directly from the File manager (or Program Manager) from within the Windows
environment. The program itself occupies 5 MB of hard disk space. ERNAP is available with the
CD-ROM for E-Guide, the Human Factors Guide for Aviation Maintenance and the CD-ROM titled
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CHAPTER 9
ADVANCED TECHNOLOGY APPLICATIONS

Michael Merriken
Information Division, Galaxy Scientific Corporation

9.1 INTRODUCTION

Advanced technology can help maintenance and inspection (M&lI) technicians as well as the aviation
safety inspectors (ASI's) to achieve the twin goals of safety and productivity. This was demonstrated
by the Performance Enhancement System (PENS) which used pen-computer technology. This
technology was developed and evaluated in Phase V of the research project. Under the PENS
program in Phase V and Work Order 01, Mods 02 and 03, several advanced technologies were
evaluated with the goal of identifying applications that could be integrated into PENS. The activities
described in this report used the recommendations from these advanced technology evaluations as a
starting point. We decided to focus in on the following areas: 1) Development and evaluation of an
improved display prototype, 2) Documentation output options for PENS, and 3) Evaluation of
specific advanced technologies. We selected these areas because they matched the Flight Standards
Service (AFS) requirements for recording and accessing data. Prototypes of these technologies and
attributes were integrated into the PENS software and evaluated. The PENS program has since
migrated from a research prototype to a pre-operational system that is called the On-line Aviation
Safety Inspection System (OASIS). OASIS will be fielded this summer by the Flight Standards
Service (AFS) at a limited number of Flight Standards District Offices (FSDO's).

9.2 DEVELOPMENT/EVALUATION OF PROTOTYPE FLIGHT STANDARDS
AUTOMATION SYSTEM (FSAS) INTERFACE

The purpose of this task was to develop a prototype display to demonstrate how existing AFS
reference documents and databases would benefit from the application of a user-centered design
approach to display design and data access. This prototype capitalized on graphical user interface
(GUI) technologies and Human Factors research on information presentation (color, formatting,
direct manipulation, etc.). The prototype emphasized ease of use and information utilization. The
research team evaluated this prototype with the Aviation Safety Inspectors (ASI).

9.2.1 Flight Standards Automation System (FSAS): Interface Weaknesses

A detailed study of the AFS database systems (Galaxy Scientific Corporation, 1995) had outlined the
manner in which the ASIs interact with the numerous database systems provided for their use. This
study identified several inherent weaknesses that are unique to the Flight Standards Automation
System (FSAS). Based on these results we developed a prototype to address some of the important
weaknesses in the FSAS interface. The goals of the prototype were:

1. Demonstrate improved FSAS functionality in the Windows environment.
2. Provide data entry guidance to users within the Windows-based FSAS.
3. Demonstrate a more efficient search function within the Windows-based FSAS.

4. Demonstrate an easier way to access supporting screens (e.g., comment screens) within the
Windows-based FSAS.
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5. Demonstrate how selected Windows-based FSAS subsystems would react if the subsystems
were more tightly integrated.

6. Demonstrate how selected Windows-based FSAS subsystems would function if the database
was normalized resulting in the elimination of duplicated data between the subsystems.

7. Demonstrate a more efficient text editor for entering comments within the Windows-based
FSAS.

During prototype development, several trips were made to the FSDO in Atlanta, GA, to demonstrate
the prototype and to gather feedback. The responses received from the ASIs and managers were
incorporated in the prototype. During the detailed study of the AFS existing database systems, we
had been informed that the AFS is planning to upgrade the existing Paradox database system to a
client/server environment in the near future. This prototype also demonstrated some of the benefits
that the AFS will realize under the client/server environment.

The prototype is not a fully functional FSAS system. It merely demonstrates how some of the FSAS
weaknesses can be addressed. The prototype demonstrated enhancements to only two of the
subsystems of the FSAS: a) The Program Tracking and Reporting System (PTRS) which enables the
FSDOs to compile and track information gathered by the ASIs and b) The Vital Information System
(VIS) which enables the FSDOs to maintain information about air operators, air agencies, designated
airmen, check airmen, facilities, and organizations engaged in non-certificated activities. However,
the issues addressed in these two subsystems are applicable to the other FSAS subsystems as well.
The next section describes the prototype and how it will benefit the AFS.

9.2.2 The User Interface Prototype

The prototype demonstrates how a Micro Soft (MS) Windows-based FSAS system would operate in
a client/server environment and how it would benefit the AFS. Because the FSAS prototype adheres
to standard MS Windows design, users who are already familiar with MS Windows will also be
familiar with the functionality of the prototype. Each subsystem is designed with the same look and
feel and offers similar functionality. Hence, very little time will be spent retraining users to use this
system.

The prototype attempts to guide the users through the system. Emphasis is placed on ease of use and
on presenting the users with valuable information when appropriate. Eigure 9.1 shows the main
FSAS screen. From this screen, all FSAS subsystems (PTRS, VIS, OPSS, KEYMGR, JOBAIDS,
and PLANNING) are accessible. The user-id and user information displayed is acquired from the
Flight Standard Electronic Office system (FSEO) (Galaxy Scientific Corporation, 1995) which
provides a single point of user login. Figure 9.2 represents the VIS main entry screen that contains
the most often used functions.

Figure 9.1 Main FSAS Screen of The Prototype
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Figure 9.2 VIS Main Entry Screen
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The screen allows the user to select the appropriate form from the form type section and then selects
whether to create a new form or open an existing one. The description on the bottom of the dialog
box (Eigure 9.2) describes the form type that is selected. The main screen also has a menu bar with
menu options including activity, edit, reports, tools, and help. The "Open™ and "New" options
presented in the dialog box on the main screen also can be accessed from the Activity menu option.

Figure 9.3 is a representation of this menu option.
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Figure 9.3 Activity Menu Option
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The Edit menu option (Eigure 9.2) offers the standard edit options available in the Windows
environment such as Cut, Copy, Paste, and Clear. These options under the Edit menu allow data to
copied within or between applications. The Reports menu option will provide access to pre-defined
reports and to the ad-hoc reporting system. The Tools menu option provides quick access to the
PTRS and VIS subsystems. The Tool Bar located at the top of the screen contains icons and provides
the same functionality as the menu items. The tool bar icons can be used to gain quick access to
frequently used applications. A balloon help function was integrated into the prototype so that
whenever the cursor is moved over an icon on the Tool Bar a brief description of the item is
displayed.

9.2.3 Implications of Moving to Windows

The current implementation of FSAS is a DOS-based, Paradox-driven application that is not
compatible with the MS Windows operating environment. The ASIs and other AFS users often use
several windows-based software packages along with FSAS on a daily basis. Both FSAS and the MS
Windows Operating System cannot operate simultaneously on the ASI's desktop computer.
Therefore, if a user is in FSAS and he/she needs access to an MS Windows-based software package,
the user will be required to exit FSAS and then start the Windows Operating System. It is the
intention of the AFS to convert all of the major safety-related database systems to run within MS
Windows. When this takes place, the ASls and other AFS users will no longer be required to exit one
subsystem in order to start another. This will reduce the time and effort it takes to access these
subsystems.

In addition, by having all major systems running under the MS Windows environment, data can be
easily transferred within and across subsystems. For example, if an ASI needs to write a memo in
MS Word and he/she needs to reference information in FSAS, this information can be transferred
from the appropriate subsystem to the memo directly by using the standard cut and paste
functionality in MS Windows.

Another advantage of having all major database systems running in the MS Windows environment is
that several safety related subsystems can be run simultaneously. Therefore, a user can potentially
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have PTRS, VIS, and OPSS running at the same time, which is important if the user needs to copy
information across subsystems. The only limit to the number of subsystems that can be up and
running simultaneously is the amount of memory that is installed on the user's desktop computer.

Although the AFS will eventually migrate its major applications to the MS Windows environment,
this will take time. This will result in some systems continuing to reside on the mainframe computers
before the transition is complete. However, access to the mainframe via MS Windows will not be a
problem as there are several software packages on the market that effectively address this issue.
Procomm for Windows and IBM Personal Communication System are two such packages that allow
users working in the Windows environment to access the mainframe. This will allow a user to cut
and paste information from mainframe applications to Windows-base PC applications.

9.3 DOCUMENTATION OUTPUT OPTIONS FOR PENS

The PENS program currently provides an unformatted report option to print out a transmittal record.
The ASI who uses PENS still needs to fill out an original form to sign and give to his/her supervisor
to approve. It would obviously be more convenient if PENS could print out formatted reports that
closely resemble the original forms. This activity evaluated different print applications to print out
forms from PENS. The PTRS form was used as a sample form to be printed. We met with ASlIs to
discuss various issues to be considered when printing out a form. Then different ways of printing the
forms were considered

9.3.1 Printing a Form

There are two steps to print a form. First, the form has to be digitally re-created and secondly, the
form populated with data has to be printed out. We looked at existing applications in which the
forms could be designed easily. These applications also had to provide programming interfaces so
that the PENS program can communicate with them to print the forms. There are two characteristics
of the PTRS form affecting the ease of creating the form: data model and the layout of the form.

Data Model

The data on the PTRS form contains four sections: 1) Transmittal general information, 2) Personnel
information, 3) Equipment information, and 4) Comment. These data are stored in different database
tables. Section 1 is stored in "Master" table while the rest of data are stored in "Detail" tables. It was
discovered that different applications support different data models. Some do not support Master-
Detail tables but only support a single table for each form. For such applications, we need to retrieve
the data from multiple tables and save them into a temporary table. Later the application will use the
temporary table as the data source to print the form.

Layout of The Form

On the PTRS form, the master data are located on the left. The Detail tables are below and to the
right of it. The layout is critical because some applications may not support random placement of
data. These applications usually allow Detail data to be put below the Master data rather than next to
it.

9.3.2 Programming Interface

The common programming interfaces that applications provide include: development library (DLL),
custom control for development (VBX), Dynamic Data Exchange (DDE), Object Linking and
Embedding (OLE), and simple languages like scripts or macros. Usually DLLs and VBXs provide
more low-level functions and are more powerful. They also take up fewer resources than the rest of
interfaces. Since PENS is a large software application and uses up significant computer resources, it
Is better to choose applications that use fewer resources in order to avoid interference with PENS.
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Moreover, it is easier to program and control using DLLs and VBX. If the application does not
provide any interface, other work-around methods will need to be found in order to use that
application.

9.3.3 Applications Evaluated

Three applications were studied for the design and printing of forms: 1) Crystal Reports by Crystal
Computer Services, 2) OmniForm by Caere Corporation, and 3) FormFlow by Delrina Corporation.
FormFlow was selected for further evaluation due to better compatibility with the existing PENS
software

OmniForm

This application was very easy and fast to create the layout of the PTRS form. First, the paper form
was scanned into the computer and a digital image of the form was produced. The image was then
imported to OmniForm where the application automatically generated an electronic form that looked
exactly the same as the inputted form. Depending on the quality of the image, some recognition
mistakes like spelling mistakes and some missing lines may have to be fixed. OmniForm was able to
recognize most of the fields on the form. Only a few fields had to be added or deleted. The time it
took was less than an hour per form, if the developer is familiar with OmniForm.

However, OmniForm only allows one table for each form. That means Master-Detail feature is not
supported. Therefore, a single table had to be created containing all the data of the transmittal record.
The data was then imported to the form and the form was printed out.

There is another weakness of OmniForm. It does not have a programming interface with other
applications. It may be possible to print out a form by sending messages from PENS to OmniForm to
simulate key strokes entered by a user. However, this method is fragile and most programmers
would try to avoid using such a method. Much time was spent scanning in the forms and writing the
conversion program that stores data to a single table.

Crystal Report

Crystal Report supports Master-Detail table structure on the report. However, Crystal Report is more
like a general report generator that expects data flow to be from top to bottom. It only allowed detail
data to be placed below the master data but not next to it. If Crystal Report was used to print out the
forms, a temporary table would need to be created in order to put all the data on the report. So, even
though it has the Master-Detail feature, we were not able to take full advantage of it. Designing a
form was straight forward. It was easy to insert a field into the report form, but it was difficult to
position the field exactly where we wanted it. Crystal Report comes with VBX custom controls
which can be used with Visual Basic making it easier to program and control. Most of the effort was
expended on how to create the Master-Detail linkage; this was not a minor task.

FormFlow

A key capability of FormFlow is that it supports Master-Detail data structure and it also supports
random placement of data. Therefore, no data conversion was needed. Data was read directly from
the original tables containing the PTRS transmittal record. Designing the form was simpler than
using Crystal Reports. The Data fields were generated directly from the data file. Master-Detail
linkage also was defined easily. The FormFlow application that was tested was a stand-alone
application version. PENS can print a report by starting the application with a macro file that prints
the report automatically. PENS can also start the application and communicate with FormFlow using
Dynamic Data Exchange (DDE). Moreover, FormFlow has a programming interface that PENS can
use without using macros or DDEs. We spent a longer test period on FormFlow compared to the
other two applications due to the better compatibility with the existing PENS software. The
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following sections describes the tasks that were completed in order to print out a correct PTRS report
from FormFlow.

9.3.4 Form Flow Evaluation

Master and Detail Tables on the Report

The first thing we tried was to create a report of all transmittal records. We defined the data tables
and linkages between tables. However, only the data from the Master table showed up and the data
from the Detail tables were missing. Detail tables were linked to the Master table by the transmittal
record ID and the inspector office code. These data were stored in two separate fields in the master
table. In the detail tables, the same data were combined and stored in a single field. At that point, we
thought it was because the linkages were abnormal and that FormFlow was not able to handle it. We
then had to find another way to print out the report.

Report with a Temporary Table

We recognized that no matter what method we chose to print, we still needed to find a method for
PENS to specify which transmittal record it wanted to print. So we created a temporary table. This
table contained the transmittal record ID, the inspector office code, and combined information of
these two. This table not only was used to specify the transmittal record but also acted as a bridge
between the Master table and the Detail tables. This method worked and the data was correctly
printed on the report.

Report Using SQL Tables

The report was created using Paradox tables. We then duplicated the report using SQL tables instead.
This second report worked fine and showed and printed the data correctly.

Running from PENS

At the beginning, these two methods for printing reports were tested without PENS. That means we
started the FormFlow application itself and opened the reports manually. We then converted the
PENS application to print the report from within itself. The report using Paradox tables printed the
form and the data correctly when it was run by itself and when it was run from PENS. However, the
report using SQL tables was different. It printed the data and the form correctly if it was run by
itself. If it was run from the PENS application, the report was printed without the data.

To determine why this occurred we tried several approaches. When PENS printed out the report, it
actually started the FormFlow application and then commanded the application to print the report. At
that time, we thought PENS took up too many resources so that FormFlow could not run properly.
Then we tried running the FormFlow before running PENS. It turned out that FormFlow still could
not work properly when it was with PENS. Then we asked for technical support from the
manufacturer of FormFlow, Delrina. They told us the problems may be caused by the SQL server.
Then we tried to vary the settings on the server but that did not work. We talked to the technical
support people several times without any success. The last thing we tried was to increase the
conventional (based) memory in DOS. It was done by loading a lesser number of programs in DOS
before we ran Windows. The report printing then worked correctly. All data showed up on the
report. This behavior of FormFlow shows that it is very sensitive to the amount of conventional
memory available.

Summary

If the memory can be configured properly, FormFlow would be the best choice to print a form
report. The forms are easy to design and can be easily integrated with PENS. Crystal Report would
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be the second choice. The main advantages of Crystal Report are that it is not sensitive to the amount
of 