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Phase ITI Overview

CHAPTER ONE
PHASE i1 OVERVIEW

1.0 INTRODUCTION

The Federal Aviation Administration (FAA) Office of Aviation Medicine (AAM) Humean
Factors in Aviation Maintenance research program has developed an industry reputation for
maintaining an awareness for "where the rubber meets the road.” The program combines
solid human factors principles with the knowledge and active involvement of industry and
government personnel. There have been extensive publications and presentations, as well
as software distributed throughcut the industry. Table 1.1 offers a partial listing of the
research products and publications. A detailed bibliography of the publications is included
as Chapter Eight in this report.

Table 1.1 AAM Human Factors in Maintenance Products - A Partial Listing

» Seven workshops (nearly 1,000 total participants)

* Environmental Control System Trainer {distributed to more tharn 100 Part 147
schools and most of the U.S. airlines)

*  CD-ROM {over 700 copies distributed)

« Publications {over 100 articles and scientific papers published}

* Performance ENhancement System (In Phase IV, a job aid will be fielded for FAA
inspectors in all regions}

* Phase Reports (Four large technical reports like this one}

Since 1989 tihis research program
was designed and executed

An Ongoing Research &

according to the diagram in Figure Deveiopment Program

1.1, In the early stages of the

research program the scientific team = [ tnvestigaton  Freviem Defmon § 1
conducted extensive site surveys of ’ ;- j I

airline maintenance organizations.
That process not only prompied an
enhanced undersianding of the "real
world” of airline maintenance but
also identified numerous
manufacturer, airline, and FAA
pariners who wanted to cooperate in : ¥

) . ; { industry & !
this pragmatic research program. | Recemch Products E
Figure 1.1 shows that the research

proceeded from problem definitionio Figure 1.1 The Research Program
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Chapter One

the development, implementation, and evaluation of a variety of human performance
enhancements in aviation maintenance. Examples reporied on in past reports and in this
volume include an operational example of intelligent tutoring using a B-787 environmental
control system; a CD-ROM containing all the publications of the research program and a
variety ¢f multimedia and other sofiware demonstrations; seven conferences on human
factors in maintenance and inspection with over 1,000 total atiendees; and a variety of other
reperts and demenstrations. Figure 1.1 also shows that the industry adoption of research
products provides feedback to all stages of the research.

When the research program began, in the late eighties, the concept of human factors in
aviation maintenance was, for the most pari, ignored. The National Plan for Aviation
Human Factors recognized the importance of the aviation maintenance system by assigning
maintenance human factors equal prominence with air traffic control and flight operations.
The FAA AAM Human Factors in Aviation Maintenance research program has successfully
demonstrated that atiention to the human not only promotes safety but also affects
maintenance efficiency, thus having a positive effect on maintenance costs.

As with the other reports from this research program, this volume begins with a sincere
thanks to and acknowledgement of the many government and industry personnel who
continue to cooperate with the research team. As the work, continues the number of
contributors (FAA entities, air carriers, and consortiums of industry groups) has grown
beyond a reasonable size to individually list all those who have provided guidance and
cooperation.

The remainder of this overview chapier describes each chapter in this report.

1.1 THEE AAM HYPERMEDIA INFORMATION SYSTEM (Chapter Two}

A prototype Hypermedia Information System (HIS) was developed in Phase I of the research
program. This prototype demonstrated the tremendous potential of hypermedia technology
for AAM research. Phase III work added eight documents to the framework provided by the
prototype. The current HIS incorporates seven conference proceedings and two Phase
Reports with over 1,700 pages of text and more than 500 graphics. It also includes two
complete training simulations (ECS Tutor and ATCBI-4 Tutor), as well as a demounstration
job aid for Aviation Safety Inspectors. Figure 1.2 shows the HIS main menu.

In early 1993, the HIS was distributed on Compact Disc, Read-Only Memory (CD-ROM). The
system was very well received in the research community and in the aviation industry as a
whole.

In addition, Chapier Two discusses the changes to the HIS such as more powerful search and
display tools, print functiens, and an authoring system to allow a "hypermedia author” to
transform paper documents into hypermedia documents. The chapter also describes how the
HIS was integrated into a maintenance training environment and a job aid for aviation safety
inspectors. Future needs of the HIS are also addressed.

2
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1.2 GUIDELINES FOR BESIGNING AND IMPLEMENTING COMPUTER-BASED
TRAINING FOR AVIATION MAINTENANCE (Chapter Three)

The application of advanced technology to training has been an important portion of the
research program since its beginning in 1989. Indusiry and government personnel have
looked to the AAM research for a glimpse of the cutting edge of instructional technelogy. The
result has been demonstrations, development, and evaluation of simulation-based intelligent
tutoring systems. The B-767 environmental control system training software has been
distributed to many FAA-approved technician schools and to most U.S. airlines.

Chapter Three offers extensive discussion of computer-based training (CBT) for maintenance.
The discussion is based on the knowledge gained through the research program, literature
reviews, and reviews of off-the-shelf training systems. Written for managers, instructors,
aviation safety investigations, and others associated with maintenance training, the chapter
provides guidelines for CBT decision making.
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1.3 IDENTIFICATION GF BARRIERS 'O SUCCESS FOR NONTRADITIONAL
FPARTICIPANTS IN AVIATION MAINTENANCE CAREERS (Chapter Four)

Due to the changing demographics of the work force, an increasing number of new workers
in aviation maintenance will come from nontraditional populations. Nontraditional members
of the work force include females, Afro Americans, Asians, and Hispanics.

Chapter Four identifies the "barriers” that have hindered the acceptance and success of
nontraditional participants in aviation maintenance career fields. Our changing society has
removed many of the barriers;, however, there is still opportunity for improvement. The
chapter reports the results frem a survey of nontraditional participants that was developed
and distributed by a major U.S. carrier to its aviation maintenance work force. The chapter
concludes with recommendations to ensure that the aviation maintenance work environment
is barrier-free for all werkers. Appendix 4 includes a demographic projection of future
aviation maintenance technician (AMT) supply and demand.

1.4 A PILOCT STUDY TO MEASURE CORRELATES OF INDIVIDUAL
DIFFERENCES IN NONDESTRUCTIVE INSPECTION PERFORMANCE
(Chapter Five)

An interim report (FAA/AAM & GSC, in press) reviewed previous research programs and
studies in the area of nondestructive inspection {(NDI). A repeated concern in the literature
was the existence of substantial differences between inspectors’ NDI proficiency. The report
identified 2 number of variables which would appear potentially relevant to NDI inspector
selection and/or preficiency. The variables can be grouped into the following categories:

* boredom susceptibility

o concentration/atientiveness/distractibility
* extraversion/ impulsivity

» motivation/perseverance

* decision making/judgement

e mechanical/elecironics aptitude

* need for autonomy.

Chapter Five reports on the plan and pilot study to investigate relationships of these
variables t¢c NDI performance. The chapter discusses the tests and scales used to measure
these variables, as well as the task employed in the study (NDI Task Simulation. Figure
1.3).
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Figure 1.3 NDI Task Simulation

1.5 EVALUATION OF MAINTENANCE CREW RESQURCE MANAGEMENT
{(Chapter Six)

This project has co-developed and evaiuated the effects of ons airline’'s maintenance Crew
Resource Management (CRM) training program (FAA/AAM & GSC, 1933). This training and
evaluation focuses on maintenance managers’ attitudes, their reported behaviors, and the
maintenance performance of their units. The maintenance CRM program represents a long-
term commitment to improving safe, dependable, and efficient performance through effective
communication at all levels in airline maintenance soperations. Extensive pust-t;aining
questionnaires and on-the-job performance measures reveal a streng positive effect of the
training.

As discussed in Chapter Six, the research examined maintenance performance changes and
attitude changes that occurred following training. Maintenance performance changes
occurred in the following areas: safety from ground damage, safety from injury, maintenance
costs in overtime paid, delays in RON (remain in station overnight) aireraft departures, as
well as dependability of on-time departures for other scheduied flights.

The analysis showed positive trends in a number of the company’s overzll maintenance
performance measures for the 12 months after the onset of training compared with the
previous 12 months. Comparisons of managers’ attitudes before and after their training
showed a significant improvement in three of the four attitude indicators: “willingness to

5
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share command responsibility,” “usefulness of communicaiion & coordination,” and
“recognition that stressors affect management decision making” (FAA/AAM & GSC, 1593

The most important summary findieng of the maintenance CRM training is that the concept
works. As with cockpit CRM, improved attitude and communications result in a more
productive, iess error prone, and safer work environment.

1.6 A GUIDE TO HUMAN FACTORS IN AVIATION MAINTENANCE (Chapter
Seven)

The operation of any system can only be optimized if every system element is working
properly and if each element is carefully coordinated with every other element. The manager
of 2 maintenance operation system should have all necessary information conserning
maintenance technicians and, in particular, those features of the maintenance environment
which serve either to enhance or to degrade technician performiance. The manager or
supervisor of a maintenance activity can be aided by the use of the Human Factors Guide,
a handbook that provides this information in a form suitable for day-to-day reference.

Chapter Seven describes the Human Factors Guide development in Phase III. The Human
Factors Guide presents established principles of job design and work that, if well applied. can
contribute greatly to the control of human error in aircraft maintenance and inspection.
Issues of communications, equipment utilization, work scheduling and load, work
envircnment, and management relations are all important in determining worker
effectiveness. The Human Factors Guide covers these and other human performance issues
that can be applied in aviation maintenance. The Human Factors Guide is designed *o
address aviation maintenance and inspection needs. Table 1.2 presents an outline of the
Human Facters Guide sections.

Table 1.2 Outline for Humanrn Factors Guide Sections

+ Importance of Topic in Industria! Overations
¢+ Industrial Experience
¢ Related Research

* Application in Aviation Maintenance
*  Indusivy Practices
*  Opinionnaire/Audit/Research Findings

¢ Human Factors Guidelines
*  Brief Discussion
*  Specific Guidelines

» Procedures for Evaluating the Situation

o
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During Phase IV, the Human Factors Guide will undergo Beta testing with maintenance
personne! in the United States. It is expected to be generally available in 1994 and will centinue
to be revised by the Office of Aviation Medicine. In addition to the hardcopy, a digital version
of the Guide is planned.

1.7 BIBLIOGRAPHY - FORMAL PRESENTATIONS AN} PUBLICATIONS (Chagpter
Eight)

Disseminating research results to the aviation industry is an important goa! of the Human
Factors in Aviation Maintenance research program. One effective way to do this is through
presentations and publications for airlines, conferences, industry/government committees,
schools, and magazines and journals. Chapter Eight provides a list of over 100 presentations
and publications resulting from the research program to date.

1.8 CONTINUING RESEARCH

Future research will continue to emphasize the measurable impact of the research program on
increasing maintenance effectiveness and efficiency with resultant cosi contrel. In light of the
serious financial trouble of the aviation industry, research dedicated to human-centered design
and human resource development can have a wide-spread and immediate positive impact on the
"bottom line.” The research team will continue to interact with government personnel, airline
management, and aircraft maintenance technicians to ensure the success and acceptance of
research products by the aviation maintenance ecmmunity.
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CHAPTER TWO

HYPERMEDIA INFORMATION ON CD-ROM

2.6 INTRODUCTION

Aviation itechnicians, managers, engineers, and support perscnnel spend endless hours
searching for infesmation every day, not to mention the hours they spend creating and
revising this information. Improvements in the way aviation personnel access information
will lead to more reliable and more cost-effective air transportation.

Toward this end, the Federal
Aviation Administration
(FAA) Oifice of Aviation
Medicine (AAM) Human
Factors in Aviation
Maintenance research
program studied the
challenges associated with
creating, accessing, and

maintaining digital
documentation using a
Hypermedia Information

System (HIS). Hypermedia
presents material in A
fashiecn that encourages
browsing and discovery by
combining text, graphics,
audio, video. and animation.
This technology can be used
solely as a tool to access
information, or it can be
mtegrated with job aiding
and training systems
{Johnson and Norton, 1992).
The AAM  hypermedia
research  developed and
distributed the Cecmpact
Disc, Read-Only Memory
{CD-ROM), shown in Figure
2.1, in early 1993.

Human Factors lssues
in Alrcratt Maimenance
{ and inspection

N = Hypermeda Proceedings
1 of the FAA Meetings (1988-1992)
and fhase Reports
* Environmental Control
System Tytor
« Porable Periormance
Support Systems for
Awvaztion Salety
tnspectors Demo

|

Figure 2.1 Human Factors Issues in Aircraft Maintenance
and Inspection CD-ROM

This chapter focuses on designing and developing of a Hypermedia Information System for
the AAM, and the CD-ROM on which the HIS was distributed. It describes the current and
future technical challenges associated with the development of such 2 system.



Chapter Two

2.1 ASPECTS OF HYPERMEDIA

Before delving into the specifics of the AAM HiS and the CD-ROM, it is first necessary to
provide some background informatien avout hypermed'a and digitat documentation.

2.1.1 Access to Technical Information

Technicians, depending on their experience and maintenance role, estimate that they spend
as much as forty percent of their workday accessing technical information. This information
usually spans many volumes. For example, the maintenance documentation for the Boeing
727 consists of multiple velumes with more than 33,000 pages each (Cruickshank, 1993).
Trying to locate all references to a particular component or procedure within such a large
collection of data is a daunting and time-consuming task. It requires hours of effort, with no

guarantee of locating ali the references.

New automated technical systems are referred to by many names, including electronic library
systems (ELS), hypermedia, digital documentation, and electronic documents. They attempt
to reduce the amount of time required to access information. Initial studies have found that
time required to search a maintenance manual is reduced by as much as forty percent when
the manual is on a CD-ROM rather than on paper or microfiche {Cruickshank, 1693). With
such technclogy, technicians spend less time accessing information, which allows for more
“ime directed toward maintenance. Thus, aircraft will be available tc produce revenue more
suickly.

New aircraft such as the Boeing 777 are incorporating ELSs at design time. Since ELSs are
only available for the newer aircraft, older aircraft do not offer this advantage. Therefore,
the AAM research program has been exploring issues involved in creating digital
documentation to support older aircraft, as well as the other documentation needs in the
aviation maintenance system. The Hypermedia Information System applies hypermedia
technology to these needs. The HIS and other results of the AAM program are contained on
the Human Factors Issues in Aireraft Maintenance and Inspection CD-ROM.

2.1.2 New Terms for New Technologies

New technology leads to the need for a new vocabulary. Creating a hypermedia decument
is more than scanning hard-copy into digital format. That process would be similar to the
creation of microfiche, searchable only by an index. The reader would have to refer 1w the
index, then manually go to the appropriate page. Hypermedia documenis are far more
powerful than that, and the additional power reguires a new vocabulary. This section defines
common terms used to describe electronic documents: hypertext, hof words, and hypermedia.

A ueeful digital document capitalizes on Hypertext wechnology. Using a computer's assistance.,
hypertext makes it possible 0 establish connections {called Links) within and between

documents. Hypertext links are vsually denoied by Hof Words, using different colors, fonts,

10
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or Qut}ining to differentiate them from the rest of the text. With hypertext, for example, a
maintenance technician can link the Maintenance Manual to the Minimum Eguipment List.

Hypermedia extends a hypertext document to include such media as animation, video, and
audio. For example, with hypermedia in a2 Maintenance Manual, the reader could click on 2
hot word to ses a video ciip that demonstrates a selected maintenance procedure. {For mere
on the basics of hypertext and hypermedia, see Howell, 1992.)

22 THECD-ROM

Figure 2.2 shows the main screer on the CD-ROM. Each of the six programs shown in the
figure is described in this chapter. One is an intellisent information retrieval system: two
are intelligent tutoring systems; vne is & demonsiration; and two »re kiosk programs. The
first one -- the HIS -- is the focus of the chapter and is discussed first and in the most dezail.

o Trathe -btiii .
- Totor ’

pplieations on the CE-RGM
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Chapter Tweo

2.2.1 The AAM Hypermedia Information System

The goal of the AAM Hypermedia Information System {HIS) research program is 1o
investigate hypermedia iechnology and how it can help the avistion community. The
research strives to create new tools and metheds for information storage and retrieval The
hypermedia research 1o daie has beern conducted over a two-year period.

developed. This is reported in de:ail elsewhere (FAAAAM and GSC, 1893). For this avatem.
a selected subset of publications from the AAM research program were put on-lire. Links
to graphics were then added to the decumenis. The prototype HIS provided a mechamsm for
viewing and searching these documents. The product was distributed on floppy discs 10 over
100 persons with either aviation and/or human factors experiise An opinionnaire and
informal interviews elicited user feedback on the HIS interface. The feedback was positive
and supported further development of the HIS.

With user feedback from the prototype, as well as on-going user evaluation of the software.
the prototype was enhanced during the second year of the research and is described herein.
The enhancements to the HIS made it a turn-key system. It has been used in & research
setting, as well as in aviation maintenance and inspection tasks. These appiications are

described below, followed by an in-depth discussicn of the HIS.

2.2.1.1 The HIS Supports the Aviation Maintenance System

The HIS has proven its ability to benefiz all facets of the Aviation Maintenance System: air
carriers, schools, aviation maintenance tecnnicians, researchers, ete. The version of the HIS
presenied on the CD-ROM addressed the needs of aviation researchers. It was also
successfully incorporated 1nto both 2 maintenance training environment. as we
for aviation safety inspectors.

e
Pt

2.2.1.1.1 The Research Community

The development of the first AAM CD-ROM presented most of the challenges that th
industry would face in production of digital data. Documents were selected for the HIS
library based on the following eriteria: {1) documents that would have value for the FAA the
aviation industry, and the research program and ¢2) documenis in the public domam so that
the end product could be distributed at no charge. With these criteria, it became cbvious that
the CD-ROM document library should inciude the producis of the Aviation AMedicine Human
Factors in Aviztion Maintenance research program. These products include reports ond
conference proceedings which encompass over 1,700 pages of text and over 300 graphues

ot
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2.2.1.1.2 Training for Aviation Maintenance Technicians

Using hypermedia technology, 2 versicn of the Environmenta! Control System (ECS) Tuior
{described in more detzil below) provides links from the Tutor to the HIS. The library for
this new Tutor uses text and graphics directly from the cooperating airline’s training
manuals, allowing direct access o information in a format famiiiar to these using the Tutor.
This replaces the abridged format presented in earlier versions. With the data in the HIS
the student can browse %z information or search "or specific topics while troubleshooting
with the Tutor.

2.2.1.1.3 A Job Aid for Aviation Safety Inspectors

The HIS also supports a Job Aid for Aviation Safety Inspectors. The Job Aid {described in
FAA/AAM & GSC, 1993) supports the Aviation Safety Inspector in a variety of regulatory
activities. The Inspector accesses various manuals and guidelines throughout the work day.
A version of the HIS modified the interface to meet inspectors’ special requests.

To demonstrate the power of the HiIS for job aiding, several key FARs were incorporated intg
a new library. The HIS zllows the Inspector to brewse and search the FAR library for
specific information related to the particular inspection task.

2.2.1.2 HIS Features

The prototype HIS, developed in the first year of research, demenstrated the tremendous
potertial of hypermedia technology for AAM research, but it was just a prototype. Over the
last year, the functionality of the HIS has been increased 1o give readers more pOWer ic
browse and search through the hypermedia documents. Tne HIS features thai support the
reader in navigating the system, viewing and searching & document., and printing tex: and
graphics are described below.

2.2.1.2.1 Navigation

The HIS provides the reader with multiple ways 10 navigate through a collection of
documents, ar ~ Nbrary: the Bockshelf, the Table of Contents, and the Overview Map. The
Bookshelf, shown in Figure 2.3, is the first display the reader = es in the HIS. The reader
chooses 2 library to view from the Bookshelf The numbered ic.o.:s in the bottom lefl of the
screen represent nine different libraries in this example.
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Once the reader selects a library, the Tahle of Contenis for that library appears, as shown
in Figure 2.4. When the reader selects one of the displayed chupters, that chapter's text
then appears.

Ahout |

FAR Hypermedia
information Systam

Homan Facsons lssuss
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and Inspection
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Figure 2.3 The HIS Bookshelf
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Figure 2.4 Table of Contents
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Another way to choose a chapter is to use the Cverview Map, as shown in Figure 2.5. The
Overview Map provides a more detailed list of a library's contents than the Table of Contents.
When the reader selects a rectangular document icon, that document's text then apy :ars.

W—————_ e e e T e
OverView oarniohvaon - Job Aaarg Fcew]
LaitselaDray - A Fiamomwcs fo H Tefworces il
wry - A Franstwon o e Selererces j
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PNarion - frzehoent Srviion fx Masd Relssnces 3
Maton Emmgrg Technciooes o Tiaferorce

P orm ek son - Traning Siyttarns il Relrarces

Fask.ae - A Hinan Factors Gude Fo Faletonces 1

mores Al A Hurscn Factors Yigw|

Figure 2.5 The HIS Overview Map

The system also maintains mternal bookmarks to aid navigation. An internal bookmark
remembers the reader’s place in a document in the same way that a paper bookmark keeps
the reader’s place in a paper book. For example, if the reader is viewing the "Foreword,” goes
to the Overview Map, and then wants to return to the “Foreword,” the HIS returns to the last
location in the "Foreword,” instead of returning to the first line of the "Foreword.”

2.2.1.2.2 Viewing Area

The document viewing area shown in Figure 2.6 allows a reader to scroll through and read
a hypermedia document. Text formatting such as boldface, italics, and underlining enables
the on-line documenmn: to resembie the original.

While viewing a document, 2 reader may come across a not word, indicating a link. The hot
word is enclosed in a rectangle. When selected by the reader, some hot words wili link 0 a
graphic. A Graphics Viewer wili dispiay the figure, as shown in Figure 2.7.
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2.2.1.23

One of the most powerful feztures of a hyperimedia system is its ability to quickiy locate

specific words in large amounts of text without the reader having to scan each line of tex:

Sesrch  Yiew Print Addendum
@ Scienco. Technology. and
Management
Johnson/NortenfUtsman - New Technology
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A reader performs a search by typing in a query, as shown in Figure 2.8. The HIS then
rapidly searches all documents in the library and highlights the document icons on the
Overview Map which satisfy the query. From that point, the reader can select a document
for viewing that contains the "search hits." Once the selected document is loaded, the reader
can use menu items to find the exact locations of the search hits. Search hits are highlighted
to provide the context, as shown in Figure 2.6.

Text Search B

[computer and training

@ What text are you searching for?

Figure 2.8 Search Query Dialogue Box

The HIS supports four types of searching: term, wildcard, phrase, and Booclean. “Term”
search, the simplest, is a search for one specific term, such as computer. Every document
which contains this term will be highlight-. on the Overview Map.

The "wildcard” search allows the reader te look for variations of 2 verm, e.g., computer,
computers, computing. For example, compute* would highlight all documents containing any
variation of "compute”. A document with "compute” (or "computer”, or "computer-based”, etc.)
would match the search, but a document with "computing” would not.

"Phrase"” searching enables the reader to specify the order and adjacency of multiple terms.
For example, phrase searching for “compuier training” will only display places where that
exact phrase appears. The reader specifies a phrase search by placing quotes around the
phrase.

The "Boolean” search combines any of the above types with Boolean operators (AND, OR.
NOT). For instance, computers or “computer training” will identify documents which contain
either the word "computers” or the phrase "computer training”.

2.21.24 Printing

The second year HIS also provides several ways to print information. Two mienu items.
"Print Selected Text” and "Print Document”, are available from the document viewing screen.
"Print Selected Text" allows the reader to highlight text as small as a single word using the
mouse and to send that portion of the document to the printer. "Print Document” prints the
entire current document.
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As text might not provide the only pertinent information in a hypermedia system, a printing
capability exists in the Graphics Viewer as well. This allows the reader to print any graphic
that is referenced by a decument.

22125 On-line Help

An extensive, on-line help program exists in the HIS. It describes the features of the HIS
and assists a reader in navigating through the EIS.

2.2.2 Other CD-ROM Applications

The CD-ROM showcases software developed in support of the Federal Aviation
Administration. In addition to the HIS, the applications include two intelligent tutoring
systems, two video kiosk programs, and one demonstration of a job aid currently under
development.

2.2.2.1 The Environmental Control System (ECS) Tutor

This software was sponsored by the FAA AAM as part of the Human Faclors in Aviation
Maintenanre research program and is described in Phase II {FAA/AAM & GSC, 1993} and
Phase III Volume 1 (FAA/AAM & GSC, 1993). The ECS Tutor investigates the use of
advanced technology in maintenance training. This intelligent simulation compares models
of the student, the instructor, and the ECS expert to provide remediation to the student and
uses the student’s previous performance to decide when the student requires assistance in
troubleshooting a malfunction.

The ECS Tutor software simulates the operation of the Air Conditioning portion of the
Environmental Control System (ECS) for the F-767-300 and assumes some background
knowledge of this sysiem. The system can operate in iwo modes: normal operating mode and
malfunction mode. Normal operating mode lets the students manipulate the switch lights
and control knobs as needed to observe normal ECS operation. The ECS will respond as
demanded, just like in the "real” world. Malfunction moede presents component malfunctions
to the student. The ECS displays data values corresponding to the current malfunction.

2.2.2.2 Portable Performance Support System Demo

This software demonstration was sponsered by the FAA Office of Aviation Medicine. The
Portable Performarce Support System (PPSS) demo provides an overview of the FAA's efforts
to apply pen computer and hypermedia technology to provide real-time job aiding and
information retrieval for Flight Standards Activities. The PPSS has since been renamed the
Performance Enhancement System (PENS). The initial target users are Aviation Safety
inspectors.
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Aviation Safety Inspectors perform a variety of tasks, including accident and incident
investigation, certificate maaagement, and aircraft inspection. Aviation Safety Inspectors
must document their activities on forms. The FAA would like the ingpectors to record their
data in a format that can be directly stored in the database.

Not only must inspectors maintain their records, but they must have access to the large
amounts of information relevant to their jobs. Such information includes Federal Aviation
Regulations, Airworthiness Directives, Advisory Circulars, and other documents. PENS will
use the HIS to provide ready access to such information. (An in-depth description of this
system is found in FAA/AAM & GSC, 1893.)

2.2.2.3 Office of Aviation Medicine Video Brochure

This software was sponsored by the FAA Office of Aviation Medicine. It describes the goals,
organization, and work of the FAA AAM by allowing the user to browse through a series of
short video clips.

2224 The Air Traffic Control Beacon Interrogator Tutor

This software was sponscred by the FAA Technical Center, Advanced System Technology
Branch (ACD-350). This proof-of-concept tutor investigates the use of advanced technology
in Airways Facilities maintenance training. The goal of the training system is to help
experienced technicians maintain proficiency.

This tutor contains a simulation of the Air Traffic Control Beacon Interrogator (ATCBI-4) and
references information about the ATCBI-4, including part/output descriptions,
test/adjustment/replacement explanations, preventive maintenance procedures, standard and
tolerance values, and functional block schematics.

2.225 The FAA Human Factors Laboratory Video Overview

This software was sponsored by the FAA Technical Center. It introduces the goals and
facilities of the Human Factors Laboratory (HFL) at the FAA Technical Center in New Jersey
through a series of short video clips and still images. The mission of the HFL is to ensure
optimum safety as greater demands are placed upon the National Airspace System. As a
facility featuring state-of-the-art technology and an innovative structural configuration, the
HFL will have a great impact on the movement of aviation into the next century.

2.2.2 Production of the CD-ROM

The HIS and other applications were distributed on CD-ROM for two reasons: a CD-ROM
holds iarge amounts of data and it is a cost effective means of distribution. This section
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describes how much data a CD-ROM holds, how one is produced, and how much preduction
costs.

2.2.3.1 Hovw Much a CD-ROM Holds

A CD-ROM disc contains approximately 650 Megabytes of storage, the rough equivaient of
325,000 pages of text. The HIS and the library together used 40 Megabytes of storage,
leaving ample disc space for other applications.

Because of the volume of data, any other means of distribution would be costly and
cumbersome. The potential of a CD-ROM disc to store vast amounts of information ensures
its continued use for distributing the HIS and any application libraries. Even if a CD-ROM
disc eventually reaches capacity, the system can be distributed over multipie CD-ROM discs.

2.2.3.2 How One is Produced

A CD-ROM is a storage medium similar to floppy and hard discs. It holds digital data like
floppy and hard disks, with one impertant distinction: once the CD-ROM is procduced, a user
can only read from it. Therefore, the creator of a CD-ROM must take special care in its
preparation.

In order to produce the CD-ROM, Galaxy contracted with a disc manufacturing company.
The first step in the process was to gather all of the data files for the CD-ROM and to send
them to the disc manufacturer for premastering. During this process. the manufacturer put
the files into a special format along with error detection and correction codes to produce a
proof disc that was returned to Galaxy.

Galaxy thoroughly tested the proof to ensure that neither the disc manufacturer nor Galaxy
had inadvertently left data files off the disc. From the proof, 2 master disc was produced.
The master disc was duplicated, producing the CD-ROM discs that were distributed to the
aviation maintenance community.

2.2.3.3 How Much a CD-ROM Costs to Produce

Table 2.1 shows the production costs for the AAM CD-ROM. The CD-ROM package
contained the disc, an 8-page booklet describing each application, and an inlay card for the
CD-ROM jewel case. The CD-ROM discs, holding 650 Megabytes of data, cost approximately
$1.75 each in lots of 1000. These 1892 prices are expected to drop in the future. The
accompanying 9 pages of paper documentation cost as much as the CD-ROM disc! This
clearly illustrates the cost advantage of digital documents over paper documents.
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Table 2.1 CD-EOM Production Costs

PRODUCT QUANTITY COST
Premastering Disc 1 $ 500.00
Proof Discs 2 $ 400.00
Master Disc 1 $ 50000
CD-ROM Replicas 950 (+ 50 free) $ 1710.00

Total $ 3110.00
8 Page Booklet 1000 $ 1512.00
Inlay Card 1000 $ 265.00
Total $ 1777.00

23 THE FUTURE

The HIS shows great promise in all areas of the Aviation Maintenance System and will
continue to evolve. The HIS developers look to the following goals for guidance with future
enhancements:

* To support a wider variety of media.

* To support a wider range of users by offering more methods for navigating
documents.

¢ To provide tools for the creators of hypermedia documents.

» To support existing and emerging documentation standards.

The following sections describe plans to enhance the HIS in support of these goals.

2.3.1 Additional Media

The HIS Graphics Viewer allows the reader to view a PCX-formatted picture - enlarging.
reducing, or printing the picture as needed. A PCX-formatted picture is the only medium
other than text which the HIS supports. Because a computer-based document can
incorporate many different types of media, future HIS enhancements will support new media
and graphics formats.

Possible graphics formats include, among others, bitmap (BMP), encapsulated postscript
(EPS), graphics interchange file (GIF), targeted image file format (TIFF), and Joint
Photographic Experts Group (JPEG). Additionally, more innovative types of media for
computer presentation, e.g., sound, video, animation, etc., will be supported. A Multimedia
Viewer will be added to play audio, video, animation, CD, etc. A reader will be able to access
the media through a hot word in the manner currently used for static graphics.
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2.3.2 Navigating Documents

A traditional paper book provides several methods for navigating its contents: a Tabie of
Contents, an Index, and simple page turning. Likewise, a hypermedia information system
must provide multiple methods for navigating a hypermedia document. This is important

cause different readers access information in different ways. As mentioned earlier, the HIS
currently provides a Bookshelf, 2 Table of Contents, en Overview Map, and Internal
Bookmarks. Future enhancements to the HIS will add a more flexible Table of Contents and
user-definable Bookmarks.

The improved Table of Contents will act as a textual representation of the library, similar
to its graphical counterpart, the Overview Map. A reader will be able to view the sections
as a "collapsed” Table of Contents, as is done row, or to expand a section to see what
subsections fall within it, as shown in Table 2.2.

Table 2.2 Coliapsed and Expanded Table of Contents

Collapsed Table of Contents Expanded Table of Contents
1.6 Introduction 1.0  Introduction
2.0  Continued Growth of the HIS 20  Continued Growth of the HIS
3.0 The HIS Supports the Avwation 3.0  The HIS Supports the Aviation
Maintenance System Maintenance System
4. A Plan to Support the Human 3.1 Training for Aviation
Factors Guide Maintenance Technicians
5.0 The Future 3.2 A Job Aid for Aviation
Safety Inspectors
4.0 A Plan to Support the Human
Factors Guide
5.0  The Future i

The current HIS provides system-defined internal bookmarks. However, it is sometimes
desirable for a reader to mark a place in a document. A boockmarking capability will be
added to the HIS to create multiple bookmarks for a document.

2.3.3 Tools for Creating Hypermedia Documents

As mentioned earlier, a hypermedia document is more than just a digital version of a paper
document. It may contain links to other documents, graphics, animation, and even other
software programs. Before a digital document can be called a hypermedia document,
someone must transform it from its original form into a form by the HIS can use. Just as
a "reader” views, or reads, the hypermedia document, an "author"” creates the hypermedia
document. The author's job is similar to that of an editor, i.e., to gather source material into
a cohesive form. A hypermedia author does the same, but also defines the relationships
among the different sources (text, graphics, audio, video, and animation).
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Example: An author wants to transform a maintenance manual (already in digital
format) into a hypermedia document. The manual has wiring diagrams and
pictures of components. Also, the manual describes certain removal and
installation procedures for which the manufacturer has supplied video.

Using this example, the author would first access three different source
materials: the text of the maintenance manual, the graphics files containing
the pictures and diagrams, and the video files of the procedures. The zuthor
must bring these three types of information to a common destination - the
hypermedia library. By adding references in the text to link information with
other source materials, the author transforms the digital document into a
hypermedia document.

In order to facilitate the creation of hypermedia documents, future work will provide support
tools for the author. The research will investigate ways to make the conversicn from existing
source documents to their hypermedia counterparts less time-consuming. One solution will
be to provide filters for existing word processing packages. The filters will translate the
source documents into hypermedia documents, preserving all previously formatted text.
Additionally, the authoring process will be streamlined, integrating all such authoring tools
into one seamless authoring environment.

2.3.4 Documentation Standards

The HIS prov:d that hypermedia technology is useful to the aviation community. For the
HIS to continue to succeed, it must adhere to aviation documentation standards, such as Air
Transport Association Specification 100 (ATA Spec 100) and Standard Generalized Markup
Language (SGML) {(Goldfarb, 1890).

Also, because commercial and military aviation have many similarities, the HIS must
consider Department of Defense (DoD) standards as well. The DoD mandates that the
Federal Computer-aided Acquisition and Logistical Support (CALS) program adhere to
SGML. Also, new weapons systems are using Interactive Electronic Technical Manual
(IETM) Specifications. The HIS will consider these and other emerging standards in future
versions.

2.4 CONCLUSIONS/SUMMARY

Tough economic times in the aviation industry have forced air carriers to find ways to reduce
costs without sacrificing safety. Hypermedia technology provides such a way. Advanced
technology information sysiems such as the HIS showcased on the AAM CD-ROM save time
and money (Johnson, in press). In addition, by providing a complete search of the
information, these systems support safer maintenance. The HIS is an important part of
safer, more cost-effective maintenance. Continued, enthusiastic cooperation from the aviation
industry will make further progress with hypermedia technology possible.
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CHAPTER THREE
GUIDELINES FOR DESIGNING AND IMPLEMENTING
COMPUTER-BASED TRAINING FOR AVIATION MAINTENANCE

3.0 ABSTRACT

This report is an overview of computer-based training (CBT) hardware, software, and
instructional design. It will assist aviation maintenance training and FAA inspection
personnel in making informed decisions about CBT. A central part of this report is the
description of a process for analyzing the instructional requirements for a specific task and
then selecting a CBT program or designing and implementing a program from scratch. The
intended audience for this report includes FAA managers, aviation training managers and
instructors, and others interested in CBT design and implementation. After reading this
report, the reader will have a better understanding of the managerial, instructional. and
technological issues involved in selecting or implementing CBT programs.

3.1 INTRODUCTION

Broadly defined, a computer-based training (CBT) system is a combination of computers and
special software for training and education. Within this broad definition, there are many
different approaches, systems, and technologies. Their common goal is to transfer skills and
knowledge from an expert to the student via a computer system in such a way that the
knowiedge will develop and/or improve performance on a set of tasks. This geal is the same
as that of insiructional systems in general, including instructional aids, text books. and
instructors. What differentiates a CBT system from traditional teaching methods is <hat CBT
can be interactive, dynamie, and individualized. CBT does not reguire one-gn-one interaction
with an instructor. The computer program can be designed to simulatie a piece of equipmens.
tc react to user actions, and tc provide useful feedback when the user makes misiokes.
Secticns 3.2 and 3.3 of this report describe CBT in detail.

3.1.1 Purpose of This Report

This report is for
* FAA managers
* Aviation training managers
¢ Aviation training instruciors
* Those who are inferested in designing and implemeniing CBT systems.

This report
* Provides an overview of CBT hardware, software, and instructional design

* Helps aviation maintenance training and FAA inspection personne!l 1o make informed
CBT decisions
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* Presents z process for designing and implementing CBT systems
* Describes the issues that instructional design teams should consider in designing and
impiementing CBT systems.

The reader does not need to be familiar with CBT design and implementation to understand
and apply this report but should be familiar with aviation training issues. The author
assumes that the reader’s organization does not currertly have CBT capability. Additional
information relevant to the topics covered in this report ean be found in Section 3.9,
"References.”

3.1.2 Overview of Part 147 Changes Related to CBT

Appendix A of FAR 147 describes curriculum requirements. Recent revisions to that section
under “(c) Teaching material and equipment,” state the following:

The curriculum may be presented utilizing currently accepied educations!
materials and equipment, including, but not limited to: caleulators, computers,
and audio-visual equipment.

While this revision is loosely worded, it is interpreted o mean that CBT can be a reasonable
part of the approved Part 147 school curriculum. Explicit guidelines for FAA inspeciors have
not yet been issued. However, it is generally expected that student hours spent with CBT
will become an approved portion of school curriculum. This report will contribute toward
making CBT an approved part of the school curriculum.

3.2 OVERVIEW OF COMPUTER-BASED TRAINING

Before an organization attempts to produce or use a CBT system, it needs to examine its need
for training and understand the issues involved in CBT design, production, and vse. This
includes knowledge of what makes CBT successful or unsucecessful. This section describes
the issues involved in deciding whether UBT should be applied to aviation maintenance
training tasks.

3.2.1 When to Use CBT

There are no strict rules for deciding when CBT should and should not be applied. The
ability to judge the appropriateness of any training fechnology comes from knewledge of the
technology. experience with previous applications of the technology, and knowledge of the
training task. Each training technology has its own peculiarities that make it appropriate
for certain types of tasks and domains, and inappropriate for others. In the case of CBT,
these peculiarities include the interactivity of training, the ability to include several
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information types, and the individualization of instruction. Table 3.1 lists situations when
CBT is genera!ly appropriate.

On the other hand, CBT does not currently provide support for 21l types of training. The lack
of realism in current computer interfaces and the difficulty of providing inteiligent human-
computer dialog means that some iraining is betier aceomplished with other methods. Table
3.2 lists situations when CBT is usuzlly inappropriate.

Table 3.1 When CB'}‘ is generally appropriate

Textbook teaching methods are used in current course curriculum

Task requires strong problem-solving skills !
tudents need o understand dynamic behavior of equipiment

Rez! equipment is too expensive for training

¢  Task is dangerous

*  There are not enough human instructors available

*  Flexibility of training schedule is desirable

* Training needs to be delivered to muitiple, decentralized sites

*  Students need extensive practice and review o accomplish task

* tudenis have wide range of experience and backgrounds

Ceonsistency of training is important

i -

OO
s ¢ o *
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e
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Table 3.2 When CBT is generally inappropriate

»  Significant psychomstor or sensory skills are reguired for task
i * Training requires significant instructor/student interaction
| Aesthetic judgement is required for task evaluation !
* Extensive team skilis need development
» Few students require training
*  Training needs to be implemented guickly

As shown in Figure 3.1, there are two reasons for applying CBT to 2 particular task: reduced
cost and improved performance (Kearsley, 1982). In the case of reduced cost, the goalis ¢

provide training more cost effectively than the current method while maintaining the guality
of training. Cest savings can come from reduced work foree requirements, decreased travel
cost, lower training equipment costs, and a decrease in the {ime reguired to atiain knowledge
or skill proficiency. For example, a CBT program that teaches a new maintenance precedure
could be more cost-effective than teaching the procedure with an instructor because of money
saved in travel and per diems. Improved performance, the second reason for applyving CBT.
results from the high-level of interactivity possible with graphical computer simulations. For
example, & CBT program could improve technicians’ troubleshooting abilities by allowing
them to praciice and improve their diazgnostic skills. A CBT program can provide realistic
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simuiation that rivals that of on-the-job experience, without the danger, equipment, and Uime
required for on-the-job training.

There are financial tradeoffs to consider when comparing CRT 1o traditional iraining.
Figure 3.2 shows a generic trend comparing the development and delivery costs between the
iwo methods. The initial development cost for CBT is often higher than for traditional
instruction. However, over time the CBT deiivery cost is likely to be less than that of
traditional instruction. Financia! considerations are alsc discussed ir Section 3.4.1.3.
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3.3 CBT OPTIONS

There are many decisions to make in designing and implementing a CBT system. The
selection of approaches and technologies should be based on the organization's instructional
needs and budget. This section describes factors that must be considered when creating CBT
programs.

3.3.1 Instructional Approach

Depending on the type of information and knowledge being taught to the student, there are
vsually several appropriate instructional approaches. For example, to teach the rules of the
road, a standard present-and-test approach is appropriate. Actual driving (or a simulation;
is appropriate for teaching the physical and coordination skills necessary for safe driving.
This report lists several common approaches tc instruction and gives examples of when each
is appropriate. Note that 2 CBT program may combine several of these elements. For
example, a "simulation-based” CBT couid include an "intelligent training” component. Table
3.3 lists four instructional approaches.

Table 3.3 Instructional approaches

What is it?

When to use it? !

Linear

| Resembles book reading

Teaching facts and procedures

Simulation-Based

Simulates equipment or tasks

Teaching how 10 perform 1asks

solving

|
Inteliigent Provides human-like response Teaching a complicated 1ask g
Tutering to user actions that requires reasoning i
Microworld Simulates context of problem Teaching relationships

betweern actions and ouicomes

LrasivariaTy

o

3.3.1.1 Linear Training

The linear training method of CBT presents the material in much the same way as a book.
Users can "step” forward and backward through the materizl, and possibly jump to other
topics and subjects. Typically, the instructional design is taken from a book or lesson plan
+hat has been used to teach the course in the past. Linear iraining differs from a book
that the program can use muliiple types of presentation methods, including graphics, audio,

and video.

interesting and instruciive than a book or lecture.

Linear training is most appropriate when the mate
lists of items, or regulations that the student must memorize. One example of linear trainin
is g CBT sysiem that teaches the procedures for starting up an aireraft’s engines. This iV}
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being taught consists of procedures,
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of task reguires that the technician follow procedures in a specific order, so linear
presentation of the material is appropriate. The testing unit of the CBT could then ask the
user to order the procedures in the correct sequence. Linear training is usually the easiest
to use, and it is also the least complex to design and implement. CET that uses linear
training has to be carefully designed to hold the user's attention, since linear presentations
can quickly become monctonous.

3.3.1.2 Simulation-based Training

A simulation-based CBT system differs from a linear training system in that the former
attempts to simulate some type of task through dynamic graphics. The software provides a
realistic imitation of the necessary equipment and activities and behaves like the "real”
world. For example, the CBT may require the student to troubleshoot a piece of equipment
by inspecting, testing, and replacing its components. By simulating only the important
features of a task, simulation-based CBT can provide cheaper, faster, and safer training than
a real system, while requiring limited supervision from an instructor.

Simulation-based training should be used when the training task involves the manipulation
of complicated equipment or when the equipment itself is too expensive to use for training.
Examples of such training systems are a CBT that trains for avionics troubleshooting skills
or a CBT that teaches the operation of NDI equipment. The way that a student uses a
simulation-based system is much less constrained than the way a linear CBT works, since
the student can perform the actions in any order.

3.3.1.3 Intelligent Tutoring

An intelligent tutoring system (ITS) mimics the instructional strategies of an instructor or
domain expert. An ITS can give advice, provide feedback, and explain mistakes. The levels
of intelligence in 1TSs vary from “canned” text feedback to expert systems that understand
the domain being taught. By automating some of the assistance that instructors usually have
to repeat several times, ITS can provide consistent training to a large number of students.

An ITS cannot replace the role of the instructor because computer programs currently lack
the intelligence and flexibiiity of human trainers. Computer intelligence in training should
be seen as an instructional aid. An ITS can provide help for the simple, commonly asked
guestions. while the instructor provides the answers for the harder questions. These systems
can perform some of the simple training and help tasks of the instrucior, but the tasks
requiring large amounts of interactivity and intelligence should be left to the instructor. By
automating these tasks, the instructor has more time to answer the difficult questions and
provide individualized instruction to students who need more help.
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3.3.1.4 Microworld Training

Instead of simulating a piece of equipment or a particular task as a simulation-based trainer
does, a microworld trainer models an entire job for a particular worker. The microworld
trainer attempts to give a realistic context for problem solving, thus increasing the chance
that the user will remember what he or she learned in the training while on the job. An
aviation technician microworld CBT, for example, would simulate the cognitive tasks of
troubleshooting, and allow the technician to replace parts and test the equipment.

Microworld training is most appropriate when the goal is to teach cognitive skills. Most texi-
based trainin< systems attempt to teach the user a set of facts; a microworld trainer imbeds
these facts in real-world problem solving. Microworld training provides the user with a
context for problem solving making it easier to remember when a similar situation occurs
on the job.

Another advantage of microworld training is that it can be extremely engaging when designed
correctly, thus motivating the student to use the CBT. Microworld computer games have
high entertainment value, in comparison with other computer games, because the player has
full control over the course of the game.

Remember: The instructional approaches described above are not mutually
exclusive. Combine them to meet the students' instructional needs.

3.3.2 Presentation Formats

The training and instructional analysis provides a functional description of what information
the CBT must provide to the user. Presentation media affects a CBT's cost so the media
should be selected based on instructional criteria, rather than any aesthetic judgements or
preferences. Common presentation formats are summarized in Table 3.4.

3.3.2.1 Text

Text is the most common CBT presentation format, since all computers support text. Text
can be used to identify and describe processes, objects, and procedures. While audio
narration has a fixed rate of playback, text allows the reader to absorb information 2t his or
her own pace. One drawback of text is that the low resolution of most computer monitors
makes it difficult to read long text passages. CBT designers should take this into account
by shortening the length of text and deleting unnecessary words and sentences.
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Table 3.4 Presentation Formats

" When to Use Guidelines for Use
i

Text ldentify and describe processes, objects, » Limit word use, be clear
and procedures » Use large fonts and readable colors
Graphics Show what equipment looks like or how » Make as simple as possible and do
a system is organized not show unnecessary objects
» Consider display resolution of
compulers
Animation Explain a process or demonstrate the » Makes the program more engaging
steps of a procedure « Do not make longer than necessary

* Give user control over playback

Audio Add realism, increase enterfainment « Do not overuse; have a reason for
factor, or communicate long text using it
passages » Allow user {o control volume, turn off
Video Describe procedures or increase » (Give user control over playback
enterfainment factor » Match purpose with video quality

3.3.2.2 Graphics

When a CBT program needs to show what a piece of equipment looks like, or how a system
is organized, a graphic is the best presentation method. Graphics can be pictures or line
drawings of equipment or schematics shc wing connectivity and functionality of components.
The CBT team must consider the resolution of graphics required for effective instruction. as
this partially determines the type of computer display necessary to support the program. The
required resolution is a function of the purpose of the graphics: teaching for recognition
requires high resolution, while simple schematic drawings can be displayed in lower
resolution. In cases where aesthetics or entertainment value is important, higher resolution
may be desirable.

3.3.2.3 Animation

Motion is an effective method of drawing attention to a particular item. The simpiest way
of displaying motion is through animation, which is the movement of simple graphical oljects
along simple paths. Animations differ from video in that they capture the general content of
an event while discarding some information, thus making it easier for the user to understand
the relevant issues. An animation can be used to explain a process or to demonsirate the
steps of a procedure. Examples include animations of flows in electrical and hyvdraulic
systems and animations of the installation procedure for an avionics component.
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3.3.2.4 Audio

Audio in CBT can add ancther level of realism to the training system, give more entertaining
feedback, or make the communication of long text passages much simpler. CBT audio can
be divided into three classes: narration, equipment sounds, and musica! accompaniment.
Narration allows the user to listen to a description while watching an animation or video;
this is not possible with text annotations. Machine sounds such as jet engines are usually
not needed for instruction but may increase the entertainment value of the program. Musical
accompaniment makes the program more interesting or adds emphasis to a point. Befere
adding audio to a CBT program, remember that an audio sound board is required to play
audio on PCs, and audio files can greatly increase the program's total size.

3.3.2.5 Video

Like animation, video can be used to describe a process or to show a procedure. Video differs
from animation in that it is a more accuraie representatior. of the "real world” and usually
has an accompanying soundtirack. Since video is more realistic than animation, it is usually
better for describing procedures such as test or insiallation steps that a technician will
perform on the job. The viewer more easily understands the context of actions shown in a
video than in an animatien. There are several methods for displaying video en computers,
with varying degrees of resolution and cost (Pearce, 1983). All current deskiop full-motion
video technologies require some type of high-end hardware and large amounts of data
storage.

Remember; It is important to decide early in the design process which data types
the CBT will use, since this partially determines the training application’s
hardware and software regquirements.

3.3.3 Integrated Training and Jeb Aiding

Another important issue to consider before designing a CBT system is whether technicians
could also benefit from a computer-based job aid. A job 2id differs from a training system in
that a job aid helps the technician when the task is performed, not before it is performed.
This approach to training can alsc be called "just in time,” borrowing from current “just in
time" inventory and production management techniques. Some training is sull necessary
with a job aiding system, since workers need some background xnowledge before starting o
perform a task.

Because the knowledge and software required for training systems and job aids are usually
very similar, it is more cost-effective to design a system that serves dual purposes than to

design two separate systems independently. Integrated training and job aiding also implies
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active learning and on-the-job training. The chance of the user remembering an important
fact or lessen is greater when the user is actually performing the job than when he or she is
sitling in the training room. A job aid also decreases the need for "up- front" training, since
the worker learns how to perform a task immediately before doing it.

3.4 HOW TO DESIGN AND IMPLEMENT COMPUTER-BASED TRAINING

The following section describes a process for designing and implementing CBT. The authors
have used this process successfully. It maximizes the likelihood of producing successfiil CBT
systems. Figure 3.3 is a flow chart of the steps in and outputs of this CBT production
approach.

3.4.1 Needs Analysis

The first step in designing a CBT system is to decide whether the system is really needed for
a specific task, and to describe the expected benefits of implementing a CBT system. Note
that this step is not specific to CBT; a needs analysis is necessary for all training systems
and job aids. If a need is incorrectly identified or the nature of the problem is not
understood, then the final product probably will not be useful. The needs analysis consists
of three main steps: problem identification, current training methods analysis, and
cost/benefit analysis. Each step is described below.

3.4.1.1 Problem Identification

The first step in needs analysis is to identify a task that needs improved performance or
lower training costs. This can be done informally through interviews with technicians and
managers. A more formal evaluation would include a description of the technicians' tasks,
how long it takes technicians to perform these tasks, and any "boitlenecks” that delay
completion. The final product of this siep should be a list of technicians' tasks that may
benefit from improved training methods.

Remember: The two reasons for using CBT are to increase efficiency for a task
and {0 increase effectiveness of training.
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3.4.1.2 Current Methods of Teaching the Task

The second step in needs analysis is to perform a training analysis to determine how the
training for the task is currently conducted. This step helps determine if an improvement
in the current method is possible and to identify strengths and weaknesses of present
training methods. Once the current process is described explicitly, it is much easier to
critique it and find its weak and strong points. Such a description should include what is
taught, who teaches it, how long it takes, how it is taught, what resources are needed, and
the students’ performance before and after training.

The training analysis identifies one of the following possibilities: no formal training exists,
training exists but could be improved, or current training is sufficient. Typically, workers
learn many of their tasks on the job. When there is an existing training program, there are
two more possibilities: the training could be made more effective (thus increasing technicians’
performance and productivity), or efficiency could be increased (which decreases the training
cost).

3.4.1.3 Pre-Production Cost/Benefit Analysis

The final step in needs analysis is to determine if training for the specified task will give an
adequate return on investment. This is one of the hardest {asks in CBT production. because
it is difficult to:

* Measure benefits of intangibles, such as safety and customer satisfaction
* Predict the actual performance improvement for a system that has not yet been built
* Predict the cost of building CBT systems (and computer programs in general).

Given all these unknowns, it is still pessible to generate a rough estimate of a training
system's effectiveness before it is produced. It is important to remember that these are rough
estimates, so take this into consideration when planning resources and deadlines.

In deciding if CBT is appropriate for a specific task, look at other training methods and
compare their costs and benefits. There are several methods for doing this, but this report
will enly mention them in passing, as most of the methods involve complex economic and
mathematical analysis. One method is to compare the total “life cycle” costs of the CBT to
that of other systems (Kearsley, 1982). Typically the costs are broken down into three
categories:

*» Research & development/start up costs - associated with planning and designing CBT
* Transition costs - one-time costs of implementing CBT hardware and software
* Steady state costs - continuing costs (such as maintenance) of using CBT.
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The result of this step should be a description of the CBT system’s goals and an estimate of
its benefits (either improved efficiency and/or decreased cost). The goals provide a high-level
summary of what the CBT system will do for the users.

3.4.2 Job Task Analysis

Job analysis is a process used to break a job into tasks and rate the tasks for further
analysis. Task analysis is a process to determine how a tash is performed and the factors
that affect performance. Consequently, job task analysis (JTA) is a method used to identify
what tasks are included in a particular job and how these tasks are supposed to be done.
JTA identifies the knowledge, skill, and activity requirements necessary for job performnance.
The goal of the JTA is to explicitly describe the job so that the workers' efficiency,
effectiveness, and error rates can be improved. There are many different metheds for
performing JTAs, ranging from detailed formats for deseribing each step in performing a task
to more informal observational methods (Woods, 1993).

Formal JTA methods are used during system design or when there appears to be serious
problems with the design of a system or the procedures used to operate it. In most cases,
JTA need not be formal. JTA for instructional design can be as simple as a one-page
description of what the workers do to perform the task. Particular attention should be paid
to errors that repeatedly happen on the job and to inefficiencies that could possibly be
eliminated through improved training.

Remember: Each organization will have to determine its acceptable level of JTA.
JTA is merely a "means"” to the "end" of developing CBT. The JTA process must
not become the product.

3.4.3 Instructional Design and System Planning

Once the JTA is finished, the instructional design of the system must be created.
Instructional design is concerned with understanding, improving, and applying instructional
methods to specific problems (Reigeluth, 1683); it describes how certain material will be
taught. This differs from curriculum design, which describes what will be taught. The goal
of instructional design is to choose the best methoeds to achieve specific improvement in
knowledge and skills for a given group of students. The description should summarize the
training process to be implemented in the CBT program. including

* What the CBT will teach (its instructional goals)

* Knowledge students are assumed to know before using the system
* The instructional approach

* Structure of lessons, exercises, tests, etc.
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* Types and number of questions

* How the information will be presented (text, graphics, video, ete.)

* How the CBT will be used with other instructional methods (instructor, books, ete.)
* How to evaluate the students’ knowledge.

There are several common approaches to instructional design. Which approach is appropriate
for a particular project depends on the training task. See Section 3.3.1 for more information
on the various approaches to instructional design.

Once a particular instructional approach is chosen, the CBT team has a better idea of the
time, skills, and resources necessary to complete the project. For example, simple training
systems with text instruction do not require much effort to program and test; a large training
project with complex equipment simulations and a multimedia presentation demands much
more effort. The CBT team manager should apply standard planning methods, including

+ Developing a program time line and Gantt chart
* Planning resource allocaticn, including people, computers, software, training, ete.
* Setting milestones for the development cycle.

T

Remember: The instructional design is one of the most important components
of a successful CBT system. Poor instructional design will lead to poor training
and possibly poor job performance.

3.4.4 Prototype System

Once the instructional design is finished, system implementation can begin. This is done by
producing one or more prototypes of the CBT program. A prototype is a tool for critiquing
the design of the system. The demo system can be evaluated by the designers. content
experis, managers, users, and programmers (o ensure that they all agree on the system's
design before full-scale implementation begins. If there is not agreement that the prototype
design is good, then it is unlikely that the organization will accept the final system.

The prototype demonstiration is best done on a computer since this provides the interactivity
that other methods lack. The demonstration program should include the "main” features
described in the instructional design, with the secondary features (for example, student
logging and multimedia) omitted. Also, some of the prototype computer program code can
be used in the production version of the CET program.

Aithough computer-based prototyping methods reguire more up-front effort than other
approaches, they are ofien more efficient in the end. One advantage of computer-based
pretotyping is the ease with which the users can participate in program design. A user can
suggest changes to the program, and the changes can be made while the user watches.
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Another advantage is that the offort which goes into building the prototype ¢an be applied
to the actual CBT programming by using the prototype as the basis for the CBT program.
The use of authoring systems in building CBT (covered in Section 3.6.3.2) makes the
transition from prototyping to programming more manageable.

There are several prototyping approaches that do not require computers, and some find these
methods easier to use. One method of producing a guick demonstration without computers
is to produce a paper “storyboard” of how the screens will look. Each “frame” of the
storyboard includes a rough sketch of what the screen will look like with a caption that
describes the screen’s purpose. Storyboarding can alse be done on an erasable board, so that
many CBT team members can participate in the design. A storvboard created before the
computer prototype can act as a guide for the programmer.

3.4.5 Rapid Prototyping Software Development

The rapid prototyping approach to software production grew out of the observation that many
computer programs do not meet ithe needs of the intended users. This often is the result of
a divergence between what users need and what programmers think the users need. Often,
users do not know what they want or do not want until they see it. Rapid prototyping helps
solve this problem by including users in the software design process and by using their
feedback to drive changes and improvements to the program (Sewell & Johnson, 1990).

The last two steps described in this CRT production process (prototype system creation and
evaluation) are used as the basis for rapid prototyping. The insiructional design is a
definition of what requirements the designers want the software to meet and 2 high level
description of how the program will meet the requirements. From this analysis, the
programmers create a prototype program that can be critiqued by instructors, students, and
administrators. The programmers then make changes to the software based on the users’
feedback during the evaluation. The evaluation should include checks for

+ Correctness of the information

* Ease of use of the program

* Spelling and grammar mistakes

« Graphieal layout, user of color, and other aesthetic issues
» "Bugs" (programming errors) in the C8T program.

To ensure that the reported problems are addressed, it is best to-have a formal reporting
scheme. Such a scheme can be as simple as a written log of each problem found, the person
who found it, the solution to the problem, and the person{(s) who fixed it. Once all of the bugs
have been fixed in the current version of the CBT, it should be tested again to ensure that
previous problems were solved and that no new problems were introduced. This iterative
process continues until the organization is satisfled that the sofiware is suitable for its
intended purpose. Because this step in CBT production is so unprediciable, set aside enough
time to address both large and small problems that come up during the evaluations.
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3.4.6 Evaluation of CBT System

Evaluate the CBT system to determine if any changes are needed 1o fulfill the goals of the
CBT system and to provide data for future CBT systems. In the first case, the evaluation
examines the instructional features of the CBT system and how the students use the system.
Usually, any problems found may not have been known at the time the program was writien
and may arise from design decisions. For example, students without much computer
experience may not understand how 16 use a control on the CBT program's interface that s
familiar to experienced computer users. The other purpose of an evaluation, to help in
developing future CBT systems, has the goal of using what was learned during the cesign
and implementation of one CBT system to assist in the creation of other CBT systems. The
data for this evaluation may include formal experimenis or informa! surveys of users’
experiences with the training system.

One drawback of evaluations is that they can be very expensive. While one or two peopie can
build a CBT system in several months, it takes numerous experimental CBT users to provide
statisticaily significant data. Depending on what type of data are being collected, evalvation
can require anywhere from several hours to several weeks of a CBT user's time. Also, itis
difficult to collect "on-the-job" data, so written tests that may not measure actual learning
and job performance improvements are often used as substitutes. Because of the expense of
some types of evaluations, the CBT team should formulate specific issues that they want the
evaluation to examine. When producing an evaluation, the CBT team should

= Develop a hypothesis about the training system(s}

* Collect dala relevant to the hypothesis

» Analyze the data with respect to the hypothesis

» Apply the outcome of the evaluation to current and future {raining systems.

There are several common models for evaluating training. Models vary in the types of data
needed for the analysis and the types of information that they produce. The appropriate
method also depends on whether the CBT system was built to save meney. o improve
performance, or both. Sometimes a combination of models is appropriate to generate ihe
information needed to make future decisions. Table 3.5 summarizes the types of evaluations
commonly used on CBT systems.

3.4.6.1 Questionnaires and Interviews

Cost and learning evaluations only tell part of the story. To judge users’ opin:ons concerning
a CBT system, the most appropriate tools are questionnaires and interviews. A guestionnaire
attempts to determine what users like and do not like about a CBT system. Xake the
guestionnaire short (two pages or less) and simple, so that it can be filled out in a few
minutes. The data can then be analvzed statistically to determine the system’s sirengths and
weaknesses.
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Takble 3.5 Evaluation Methods

Purpose When te Use
Questionnaires and Coliect information about users’ opinions | After CB1 1s finished
interviews
Cortent verficalion Ensuie that information is corect During deveiopment
Cost/benefit analysis Determine the CB's overall cos! After CB7 is finished
effectiveness
{i Usability testing Evaluate the quaity of the interface During develocpment

Interviews also attempt to collect datz about users' opinions of a CET system, but they are
less formal than written questionnaires. An interview usually consists of a set of guesiions
for the users and instructors, and they can also allow the subject to discuss unanticipated
issues. Aithough interviews require preparation, data evaiuation is often more difficult and
subjective because the answers and comments tend to be more open-ended. Consequently,
interviews are better for identifying specific problems with a CBT system than for
determining general trends in acceptance and satisfaction.

3.4.5.2 Content Verification

The most important component of 2a CBT system is its content, since it is content knowledge
that is being taught to the users. If the content is incorrect, then the students will not leamn
the correct information. This may lead to poor and/or unsafe job performance. A conten:
validation verifies that the information contained in the CBT is correct.

Content evaluation is commonly accomplished by showing the CBT to exper.s and Insiruciorns
and having them check for omissions and errcrs. Ideally, the people doing the content
evaluation should not be the subject matter experts who provided the knowledge for the {BT
program. It is possible that the subject matter experts have misconceptions about the
domain. If multiple experts are to evaluate the content, it is likely that there will be confiicts
and contradictions in the advice and suggestions they offer. Therefore, when analyzing the
results of the content evaluation, differentiate between different styles of problem solving anc
training and significant errors in the domain knowledge.

3.4.8.8 Cost/Benefit Analysis

Cost/benefit analysis combines two separate measurements 1o determine the return on
investment for the CBT. The cost analysis measures the total cost of designing, producing,
ang distributing the CBT. This data can be gathered from records of 1ime and money spent
on development. The benefit portion of the analvsis focuses on changes in workers
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performance. Benefits are measured from changes, or estimates of changes in on-the job
performance.

If ihe benefits analysis concludes that the training is not effective, then other types of
evaluations are necessary to pinpoint the source of the problem. This is because a benefits
analysis "lumps” the good and bad features of 2 CBT into one measurement. Some common
measures of success of CBT systems (and irzsining systems in general} are:

* Higher achievement and productivity level
* Improved quality of work

* Decreased student training completion time
* Increased motivation level

» Increased safety and a lower accident rate.

The more abstract the measure of training success, the harder it is {o correlate it with actual

CBT features. For example, if there is an increase in productivity after the introduction of
oy s _ ; o . o

a CBT system, the increase may or may not be g resuit of the CBT. It is usualiy easier to

eliminate other explanations such as the use of new equipment or new accounting methods

than to prove that changes in performance are z result of the introduction of CBT.

3.4.6.4 Usability Testing

A usability test is conducted to ensure that students can operate and understand the system.
This 15 necessary becauvse the usability of 2 CBT system is an important factor in determining
whether or not the users learn. Even if the information in the program is correct, users wiil
not focus their attention on the lessons if the interface is poorly designed. For exampie,
novice computer users may not understand conventions known to more advanced computer
users. CBT designers need to keep this in mind when designing the interface. It is advisable

o make 1he interface as simple as possidie and 1o aveid cluttering it with unnecessary text
and graphics.

requently. usability testing is done by observing a few potential users while thev operaze
= p‘:‘otrra"r i is best to n?\e users wno have not used the program before and who do not
ave much computer experience. These users will report problems such as not unde 's anding
what to do next. All users should be encouraged to report any difficulties before theyv star
the usability test ing. To identifv other tvpes of probiems, it i1s bes: to wateh the users and
see what types of m sLanes they make, keeping interruplionstoa .J.m;.-‘m“.. The problems

o ;
.

th

in the interface s}‘a then be listed so tha: the CBT des-a.‘e:': can ¢iscuss them. Once th
mnterince proo ems have been fixed. the CBT 1eam should conduct another usat ’sza.jc 1est 10
ensure that the problems have been adeqguately fixed and that new probiems have not been
:ntrozmceé.
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Remember: Evaluation is part of the rapid prototyping software development
method. The evaluations should be done frequently during CBT design and
development. Ongoing evaluaiion eliminates surprises at the end.

3.4.7 Maintenance and Updates

A CBT system is not finished after the programming and evaluations have been done. The
system need< to be kept up-to-date with changing technology, equipment, and procedures.
For example, the maintenance procedures may change for a particular piece of equipment.
if an existing training system refers to the old maintenance procedure, it will have to be
updated to the current method. Also, students using a CBT program in the classroom usually
uncover bugs that were not found during pregram testing. Instructors commonly request that
new features such as automatic grade reporting be added to CBTs afier they begin using
them. These costs are called "steady state” cosis because they remain somewhat constant
after the CBT program has been finished and is being used.

Other "incidental” costs are rarely planned for, but commenly arise. Computer hardware
maintenance costs vary widely, depending on the computers’ quality and the ameunt of use.
Public-access computers have higher levels of wear than computers used by individuals; so
the budget should account for cleaning, maintenance, and repair. If the lab is to remain open
for extended hours, security and Izb personnel have to be budgeted. Also, such cests as those
for printing paper and writing documentation are necessary for some types of C8T.

3.5 ASSEMBLING A CBT TEAM

One of the most important considerations in producing a successiul CBT system is choosing
the team members. Designing a CBT system requires skills in diverse areas such as training,
graphics, computer software and hardware, and usability. The CBT team needs 2!l the skills
above, since the lack of even one skill can lead to significant problems with the CBT program.
If the team does not have these skills, it should seek training ir the nnknown areas or hire
consultants to fill the gaps. Sometimes one person may possess two or more of the skills, so
the team does not always have to be large. Figure 3.4 shows the makeup of a CBT team.

3.5.1 Instructional Designer

The instructional designer applies knowledge of training, learning, psychology, and other
wraining svstems to the design of the UBT system. Most instructional designers have
advanced degrees in education or psychology and have the ability to apply their knowledge
10 the design of training systems. This person should also understand the training domain.
+he iobs and tasks of the workers, and how training principles and past experience apply to



Chapter Three

the current training system. Because instructional design is the most important
consideration in CBT design, the instructional designer is often the team leader.

Computer

Programmer

Instructional ' Subject Matter

. Designer Expert
|
| |

Computer Graphic
Hardware Artist

Support
Human Factors

| Expert

Figure 3.4 The CBT Team

3.5.2 Subject Matter Expert

The subject mazter expect (SME) is key 1o the success of 2 CBT project because he or she is
the source of the knowledge and information that the CBT sysiem will teach to the students.
If the SME does not understand the domain well enough te explain it to the instructiona!
designer, then the chances of building a successful CBT system are siim Therefore. the SME
is often an instructor or someone with much on-the-job experience. Johnson (1988 zavs that
instructors are the best SMEs because they understand the subject and instructional
principles and also know how to best explain the domain to programmers and other CBT
developers.

A common problem in building CBT systems is difficulty in finding and retaining a
knowledgeable SME. In aviation, as in most other domains, experts are scarce and are often
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committed to other projects. Experts may be pulled from a CBT project for more pressing
tasks, leaving the CBT team with the difficult task of trying to bring a new SME up to speed
on the project. In this case, there is a familiarization period before the new SME can
contribute to the project, thus delaying any new work on the CBT. This problem can be
avoided by having two or more experts working on the project, even if one or more of the
additional experts are only secondary contributors. This approach has the advantage of
allowing more than on person o verify the domain representation.

3.5.3 Computer Programmer

The programmer implements the instructiona! designer's training plan. An important part
of a programmer's job is the ability to design a program that meets the constraints of time,
money, performance, and compuier hardware. The programmer should have some
understanding of instructional design and software usability. The programmer must also be
able to take users' feedback and convert it into changes making the sofiware easier to use
and more understandable.

Programming usually takes the largest portion of time in implementing a CBT system. and
large projects require more than one programmer. Programmers' work load can be reduced
by ensuring that they have adequate software tools, computer hardware, and design feedback
from the rest of the team. Experience is the most important factor in determining a
programmer's productivity; an experienced programmer can produce considerably more
software than an equally intelligent but inexperienced programmer.

3.5.4 Computer Hardware Support

The computer hardware support person ensures all the computer hardware and sofiware is
working properly. If something is not working properly, the hardware support person should
know how to test it and how to resolve hardware malfunctions. Another large part of the job
is maintaining software configurations, making sure that the computers have the latest
version of the CBT software. This person should be able to help the studenis use the
software and to answer basic questions about the training program.

3.5.5 Human Factors Expert

When students cannot easily use a CBT system, chances are that they will not learn much.
When students’ attention is drawn away from content, they concentrate on trving 1o operate
the software. The human factors expert ensures that the system is understandabie and easy
to use. The human factors expert can also provide design guidelines periaining o program
behavior, screen layout, colors, and fonts. It is importart that the human factors expert be
involved early in the design process so that he or she can critigue the overall CBT approach
A human factors expert should have experience in the psychological issues of interface desien
and have practical experience in computer program design.
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3.5.86 Graphic Artist

A good graphic artist is often vital to the timely completion of a CBT project. Graphics
production is time-consuming. If the graphics are on paper, they must be scanned into the
computer and then cleaned up with 2 paint program. If the graphics need to be drawn from
scratch, the instructional designer or subject matter expert should sketch them so that the
graphic artist does not have to guess at what is needed. The graphic artist should be familiar
with issues of color selection, screen layout, design for readability, and usability, and should
have some previous experience in designing graphics for the computer. When designing the
screen layout and graphics, it is important to keep in mind the graphic limitations of the
target computer configuration. For example, when graphics designed to be displayed on
systems with 56 or more colors are displayed on computers that can only show 16 colors, the
resulting graphics are not understandable or attractive.

Remember: The CBT team does not need one individual for each of the described
tasks, but all of the skills should be included on the team.

3.6 CBT HARDWARE, SOFTWARE, AND SUPPORT

This section covers a variety of topics related to the budgetary and commerciai issues in CBT.
The material is not technical and presents enough information to allow managers to make
informed decisicens.

3.6.1 Hardware

Since they first became widely available, there has been 2 constant increase in the power of
personal computers (PC). This increase in power has been followed by a constant increase
in the computing power requirements of PC software. There is now much personal computer
software that will not work {or works too slowly} on computers that are more than a few
years old. Because of the high cost of installing and maintaining new computers, many older
(and less powerful) computers are still in use.

When designing a CBT system, the CBT team must consider the type of computer that will
be used for running the CBT program. If the hardware does not support the CBT sofiware.
then the students will not be able to make full use of the training. Computer hardware can
vary along several dimensions, so the CBT team must consider all these dimensions when
they design the CBT system. This section describes the various dimensions and also explains
when special hardware may be needed, and what the hardware will add 1o the instruction
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3.6.1.1 Processor Type and Speed

A PC's processor determines how "powerful” the computer is and how quickly it can do its
computations. Because of improvements in processor techrology, modern desktop computers
are roughly 100 times more powerful than PCs of ten years age. Processor speed is analogous
to the thrust of an aircraft’s engines, which determines the power of the aircrafi. Some text-
based applications can be used on an Intel 8088 computer, the first generation PC processor,
although few of these are currently manufactured. The next step up is the Intel 80286 and
80386 processors which usually have clock speeds between 15MHz and 33MHz. For the most
computer-intensive programs, the Intel 80486 with a 33MHz or higher clock speed is
required.

3.6.1.2 Computer Memory

A PC's memory determines how much data it can work on at a single time. For text-based
computer programs, 540 kilobyies (kb, or about 1,000 "wcrds” of computer memory) is an
acceptable amount of memory. For more complex programs, between 2 and 8 megabytes (Mb,
or about 1,000,000 "words" of computer memory) is standard. With older computer operating
systems (such as MS-DOS), extra memory does not make the computer significantly faster
and is only a "minimum standard” that determines which programs the computer can run.
With more modern computer environments (such as MS Windows), the speed of certain
operations is affected by the amount of memory. Commercial CBT programs should be tested
on one of the computers to be used for training to ensure that there is enough memory for
the program. If sofiware is being produced in-house, then programmers need {o consider the
amount of memory in the organization's computers.

3.6.1.3 Hard Disk Size

The hard disk is used to store data on the PC when the data is not being used. Most modern
software programs are too large 10 store on floppy disks. The datz stored on the hard disk
can be either programs, which control what the computer does, or data which the programs
process. For text-based applications, a 40 Mb hard disk is usually adequate. If multimedia
data such as graphics, animation, and sound is part of the CBT program, then g larger hard
disk should be considered. The size of hard disk required depends on the number of
programs and the type and amount of data being stored on the computer. To store large
amounts of data that does not change frequently, a compact disc read-only memory (CD-
ROM) drive is preferred. Note that new data cannot be stored on a CD-ROM after it is
manufactured, so another data storage mechanism is necessary for updates and student data.

3.6.1.4 Computer Display Quality

The computer monitor and the video adapter card work together to display the text, graphics.
and video that the PC generates. The signals from the computer go through the "video
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a'_daptexj" which converts digital data to the signal the monitor displays. There are several
dimensions along which the adapter/monitor combination can vary:

. Resciution of video adapter - number of vertical and horizontal "picture
elements” (pixels) that can be displayed; usually ranges from 320 x 140 to 1024
x 768

. Size of the monitor - measure of diagonal size of the screen: between 12" and 27"

. Number of colors - how many colors can be displayed on the screen at once; from
monochrome (black and white) to 16 million colors.

The appropriate combination depends on the tvpe of data the CBT displays. For programs
that display only text, the lower resolutions are appropriate. If a program displays graphics,
video, and animation, then higher-end equipment is necessary. Use the prototype CBT
program 1o evaluate resolution requirements.

3.6.1.5 Input Devices

An input device is a computer peripheral that allows the user to enter data into the PC. The
most widely known input device is the keyboard which allows the user to enter text.
However, most training approaches and tasks do not require the user to enter large amounts
of text. Keyboards are not widely used in the newer CBT systems since 1t is easier to interact
with the computer through a "selection” device such as a mouse, touchscreen, or light pen.
These devices allow users to interact with the graphical elements on the display through
gestures such as clicking/pressing, dragging and dropping, etc.

While the mouse is the device of choice for controlling most graphical environments.
touchscreens and light pens are easier for novices to use. A touchscreen is sensilive to
pressure, and the coordination of computer graphics and the user's actions allow for realistic
simulation of equipment and tasks. A lighipen works in mnuch the same way. but the user
touches the screen with a special pen. Although touchscreens and lightpens are easier to use
than mice, they cause arm fatigue when the user is required to perform a large number of
selections.

3.8.1.6 Multimedia Accessories

Multimedia can be defined as the integration of several data types in a computer program.
These data types include text, pictures, animation, sound. and video. Usually, mudiimedia
assumes some level of sound and video, although both do not need to be present. In the case
of a PC, the presentation of sound or fuil-motion video requires some hardware accessores,
including a sound acdapler with speakers and a motion video adapter board. Currentiv, the
most widely used method for delivering video on a computer 1s through a videodise plaver.
but digital video technology is quickly becoming widespread. A CD-ROM drive:s often ured
to siore the large amounts of data associated with muliimedia. Simple text-based traimng
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programs usually do not require these accessories. However, if multimedia is needed for
training, the CBT team should plan for this when choosing the computer configuration. CD-
ROM players are becoming increasingly common, and several sofiware companies are
delivering programs on this media.

3.6.1.7 Network Capability

A network connection enables a PC to transfer data to other computers. This allows for data
sharing between isolated computers without having to transport a diskette or CD-ROM. Data
can be transferred in either direction between the students' computers and the instructor’s
computer. Two applications for CBT are message sending and file sharing. Two examples
of message sending are for the instructor to send a note to the students or for the students’
grades from a CBT program to be sent to the instructor's computer. File sharing allows for
more efficient use of computer resources such as keeping a single copy of the CBT program
or multimedia data on the network server instead of maintaining a copy on each PC's hard
disk.

3.6.2 Examples of Standard Computer Configurations

This section describes three broad classes of PCs and is designed to assist in selecting the
correct computer configuration for a specific training application. The PC classes are derived
from the various levels of processing power and hardware support required tc manipulate
different types of information. One thing to remember when choosing a computer
configuration is changing training needs. Although the first CBT programs produced by an
organization may be text-based, future training systems may require 1nore computing power.
It is possible to run text-based computer programs on multimedia computers, but not vice
versa, so you should plan for future needs. Table 3.6 summarizes the minimal hardware
requirements for the three standard computer configurations described in this section.

Table 3.6 Minimal hardware requirements for standard computer configurations

Text and simple Partial Full Multimedia
graphics Multimedia

Processor Intel 80286 processor | Intel 80386 processor | Inte! 80436 processor

15 MHz clock speed 25 MHz clock speed 33 MHz clock speed
Memory 640 kb memory 1 Mb memecry 4 Mb memory
Storage 40 Mb hard drive 80 Mb hard drive 150 Mb hard drive
Display monochrome’ VGA 256 color V(GA 256 color monitor

EGA monitor monitor
Peripherals mouse;, sound board | mouse: sound board and speakers:

and speakers dismtal videe or overlav’ videodise |
i board; CD-ROM drive
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3.6.2.1 Text and Simple Graphics

A text and simple graphics program has the lowest computing power requirements and can
run on ali first-generation IBM-PC compatible computers. Information the computer displays
consists of blocks of text with some small graphics. Because such programs do not use many
graphics, smaller displays with 2 or 16 colors are adequate. Also, very little computer
memory or hard disk space is required because of the low storage space requirements for text
and simple graphics. Multimedia peripherals are not needed. The standard configuration
for this computer is

* irtel 80286 processor / 15 MHz clock speed
* 540 kb memory

* 40 Mb hard drive

» monochrome / EGA monitor.

3.6.2.2 Partial Multimedia

A partial multimedia machine adds the ability to display high-quality graphics, animation,
and sound. Since this type of training applies emulations of equipment and job tasks, this
level of computer hardware is required for simulation-based and microworld training. The
higher data storage requirements of large graphics and sound make it necessary for the
computer to have more memory and & larger hard disk. When the CBT program has
significant data, it may be more cost effective to store the data on CD-ROM. The standard
configuration for this computer is

« Intel 80386 processor / 25 MHz clock speed
* 1 Mb memory

> 80 Mb hard drive

* VGA 256 color monitor

* moiuse or touchscreen

* sound card and speakers.

3.6.2.3 Full Multimedia

A full multimedia machine includes all the capabilities of the partial multimedia class and
adds full motion video. Full multimedia is useful {or showing technicians how a procedure
should be carried out or for providing greater interactivity with the training. Special
hardware is needed for the computer to process and display some types of multimedia data:
sound cards to play scund and video cards to display full motion video. There are several
computer programs that can display video without special hardware, but the video display
is lower gquality than that of hardware-assisted technologies. The standard configuration for
this computer is
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* Intel 80486 processor / 33 MHz clock speed
* 4 Mb memory

* 150 Mb hard drive

* VGA 256 color monitor

* mouse or touchscreen

* sound board and speakers

* digital video or overlay/videodisc board

* CD-ROM drive.

3.6.3 Software

Computer programs, collectively known as software, are sets of computer instructions that
tell the computer hardware what to do. Withou! software, the computer would be useless.
Software performs different functions. For example, one piece of software may control how
keystrokes are interpreted, while another piece may contirol graphic display on the computer
screen. Software is a central part of a CBT system, for it acts as a translation between the
instructional designer's goals and the way the computer "acts.”

There are several approaches to programming CBT; they vary in ease of use and fexibility.
In most cases, the easier a program is to use, the less flexible it is. On the other hand, the
more functions contained in the program, the more flexible it is. More effort is required for
the user to learn to use a flexible program. Using the analogy of a car and a helicopter, it
is easier to drive a car than it is to fly a helicopter, but the helicopter is more flexible with
regard to the pilot's amount of control. Which one is appropriate depends on the needs,
knowledge, and constraints of the traveller. Table 3.7 outiines the advantages and
disadvantages of programming systems.

Table 3.7 Advantages/Disadvantages of Programming Systems

Advantages Disadvantages
Programming languages * Flexible; can make the » More time needad to
program do what is needed. implement programs.
Fazstest programs. Experienced programmers

needed.

Authoring tools

Both flexible and easy to
use.

Not as flexible as
programming languages;
seme things not pessible.
Slower than programming
ianguages.

Off-the-shelf programs

Program is ready to run; no
need to hire development
team.

Doesn't always match need
of users.
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3.6.3.1. Programming Languages

A programming language is a set of conventions for specifying a sequence of operations a
computer performs. The operations may include displaying graphics and text on the screen,
monitoring the input devices, or computing a numerical value from a formula. Like the
recipe that a cook follows to transform ingredients into a meal, a computer program tells the
computer hardware how to transform input (from a keyboard, mouse, or data file) into
meaningful output (text display, graphics, sound, or video).

Programming languages provide the most flexibility in producing CBT systems. It is possible
to produce CBT systems with programming languages that cannot be produced with
authoring tools. The cost for the flexibility of programming languages is the extra effort
required to produce the program. This trade-off shows up in the experience required to
become an expert programmer and the high cost of hiring experienced programmers.

There are several popular programming languages, including Pascal, FORTRAN, BASIC, and
COBOL. The language of choice for most programmers and most commercial programs {word
processors, spread sheets, ete.) for PCs is "C." The language expertise of the programmers,
the existence of any previously written software, and company rules and preferences
determine which language is most appropriate for a particular project.

3.6.3.2 Authoring Tools

Like a programming language, an authoring tool is a set of conventions for specifying a
sequence of operations a computer performs. The form of an authoring tool's language is
different from that of a programming language. In most cases, authoring tools are much
easier to use than programming languages. Many authoring tools do not require extensive
experience in computer programming and require little training for users to produce working
systems. Sometimes the programming is dene through "direct manipulation,” i.e., drawing
icons or objects that control how the program will act directly on the screen. Usually. the
programming language for an authoring tool {called a "scripting language” is easier to
understand and use than a true programming language.

The disadvantage is that authoring tools are not as flexible as programming languages. For
example, consider writing a computer program that simulates a piece of equipment. It may
not be possible to do this with some authoring systems because the authoring languages place
constraints on the way that the program behaves.

There are different types of authoring tools. At one end of the spectrum are general purpese
systems not designed for any particular domain. These systems combine the flexibility of
programming languages with the flexibility of authoring tools.

At the other end of the authoring system spectrum there are authoring tools designed for a
specific domain or for a specific instructional approach. The premise is that by including

domain-specific information and structure in the authoring system, it 1s easier to produce new
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training systems. These systems often support standard CBT operations such as student
login, test score gathering, and grade reporting. The biggest drawback is that flexibility is
lost when more structure is added. Occasionally, it is not possible to make the CBT program
do what is desired.

3.6.3.3 Off-the-Shelf Programs

The simplest way to apply CBT is to find an off-the-shelf program that meets the
organization’s training needs. This approach requires no computer programming or
instructional design since the system has been designed and implemented by another
company. The cost of pre-configured training systems is ofien lower than that of in-house
CBT since the cost is distributed across several groups. Therefore, the break-even cost for
off-the-shelf CBT as compared to instructor-led training is usually in the tens of students.
Comparatively, the average break-even point for self-developed CBT is considerably higher.

See Seciion 3.5 for a list of aviation-specific off-the-shelf CBT programs. Another source of
information on off-the-shelf aviation training software is the "CBT Courseware/Hardware

Matrix” report from the Aviation Industrv Computer Based Training Committee (AICC,
1992).

The biggest problem with off-the-shelf programs for aviation maintenance is the small
number of systems on the market. If training is needed for a specific system, chances are
that CBT does not exist for that system. On the other hand, it is not necessary that training
be provided for all possible systems because of similarities between systems and equipment
in the aviation industry. Some off-the-shelf CBT programs for aviation maintenance training
are listed in Section 3.6.5, "Example CBT Applications.”

.- - .. -~ . . ‘. .. ... L e =
Remember: The main tradeoff between these three programming approaches is

ease of use vs. flexibility. The type of CBT being created and the programmers’
experience determines which one is most appropriate.

3.6.4 CBT Computer Labs

There are two basic configurations for computer training rooms: individual carrels and
classroom. In the individual training configuration, workstations are arranged so that there
are partitions between the individual carrels. This prevents students from disturbing each
other while using the computers. A problem with this configuration is that it 18 diffieul for
students to help one another with problems. In the classroom configuration, the computers
are arranged on tables that face the front of the room, and there are no barriers beiween
workstations. This allows for instructor-led CBT and for easy collaboration among siudents.
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The CBT laboratory should be large enough to hold the computers and computer furniture.
The computer furniture should be large enough for students to place their instructional and
reference manuals while using the CBT. Lighting and windew shades need to be designed
so that there is not excessive glare on the computer displays. Computers produce large
amounts of heat, so the CBT lab should have adequate cooling.

Before designing a CBT lab and ordering equipment, the CBT team should understand the
students’ training needs, budget (both for installation and mainienance) {or the CBT lab, and
the technology issues of maintaining and upgrading computer hardware. Such issues include

* Existing computer hardware and software versions

¢ Compatibility of hardware and software

* Special hardware requirements to simulate equipment

* Access times, 1ab security, lab assistants, fee collectior, etc.
* Projection equipment for instructor-led training

* Networked vs. stand-alone computers, printer access.

3.6.5 Example CBT Applications

This section describes severzl currently availabie CBT programs for aviation technicians.
These programs are either designed to teach procedures for specific aircraft models or o
teach general troubleshooting skills.

3.6.5.1 General Troubleshooting Skills & Specific System Troubleshooting

These two programs produced by an aviatior training CBT company typify the two main
types of technical training. The general troubleshooting system program is an instructor-led
CBT system that provides a simulation-based training program to teach general
troubleshooting skills. This three-day course covers electrical circuiis, tools, and test
equipment. The goal of CBT systems that teach general troubleshooting skills is to teach
knowledge and skills that are applicable 16 many different types of systems. For example,
the troubleshooting skills applied 10 a2 general aviation airerall ire the same as those for a
commercial aviation airerafi, bu:r the sysiems are more complex on transpor: category
aireraft.

The second CBT is specific 10 a single aircraft and was developed with 2 Canadian air carrier.
The goal of this system is to teach the user to diagnose fauizs in the Challenger aircraft.
Although the learning in system-specific training systems may transfer 1o other systems, such
programs usuaily focus on the configuration and procedures specific to that system.
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3.6.5.2 Aviation Training with Video

Courseware from another aviation training company ranges from the "Principles of
Troubleshooting” course that teaches general troubleshocting skills to abcraft-specific CBT
for the Gulfstream II, i1, and IV, Falcon 50, King Air 200, and the Citation 500 and II1
Although this company has begun taking advantage of digital video in their newer systems,
many of its older CBT programs are videodisc-based.

3.6.5.3 Large Aircraft Training

Another CBT company has produced "off-ithe-shelf” maintenance CBT for the 747, 767, MD-
11, and various other aircraft. The 767 training course includes 90 hours of CBT and covers
most of the major aircraft systems. These trzining systems include multimedia, making the
system much more interesting to the user. The videodisc system includes high-guality video,
still pictures, and audio.

3.6.5.4 Fundamental Troubleshooting Skills Training

A large American CBT developer is working with a German air carrier 0 develop courseware
teaching the fundamentals of jet aircraft. Material covered in this course such as avionics,
hydraulics, and mechanics is common 1o most aireraft and is covered in each of the type
ratings. The goal is to save time by teachirg this material once, instead of having 1o teach
it for each type rating. The whole CBT program, which is 100 hours of training, is scheduied
for release in July 1995.

3.6.5.5 737 and 777 Training

One commercial airline has developed three courses covering severai different systems and
procedures related to the 787. These courses include the APUs, tagging procedures, and
fueling regulations. These are mostly one-hour courses that can be used on low-end personal
computers. The airline is also working with the manufacturer on devsloping an instructor-led
course for the 777.

3.6.5.6 ECS intelligent Tutoring System

The Environmental Coniro} System (ECS) Tutor was produced for the FAA Office of Aviation
Medicine. This is an intelligent tutoring system {ITS) that teaches genera! troubleshosting
skills in the context of diagnosing and repairing malfuncticns of the Boeing 7687's ECS. The
tutor contains a deep model of the ECS which allows the user to see the consequences of his
or her actions on the system down to the sensor level. The tutor is also highly graphical,
allowing for direct manipulation of ECS componenis and reaiistic pictures and animation f
system components and schematics.

%1}
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3.6.5.7 Part 147 Training

Two companies have vroduced jointly several multimedia training modules for A&P
mechanics. Course material consisis of integrated manual and CBT software. F’xibhn’f
courses cover eddy current inspections, electronic communication and navigation: systems. an
instrumentation systems. The course material is not specific to any particular equlr);“t-n. or
system, but teaches general principles and methods of operation for the given task  The
software runs on a "partial multimedia” computer and includes the ability 1o track student
performance.

3.7. POTENTIAL PITFALLS IN CREATING CBT

In des:g*li g and producing CBT, the CBT team needs to be aware of several potential
problems that are commonly encountered. These problems may be technical, instrucuionai.
nlanning. ergonomic, or organizational {Table 3.8 summarizes these problems. The CBT
process described in Section 3.4 minimizes the chance of these probiems arising

Table 3.8 CBT Piifalls

Problem Prevention/Solution

Additional training not reguired Perform a thorough task analysis, including an
analysis of the current training methods.

Poor instructional design Perform: a thorough task analyvsis and an
instructional design based on this analyvsis,

Poor user interface Conduct frequent user acrepilance evauntion
during development, follow interfare dest
guidelines and conventions: know the targel vser-

i g el A N W gt

Poor computer programming of CUT Apply standard software engineering and !

- 3 i

management technigues: use the right foels and i

ProgTamIneTs. if

: “
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3.7.1 Additional Training not Required

Sometimes iraining systems are built when there is no need for them. This usually happens
when a needs analysis is not conducted. Seme tasks do not require formal training because
they are easy to learn, and on-ihe-job iraining is ihe appropriate instructional method. In
other cases, instructor-led training or self-study instruction are adequate for the material
being covered.

To determine if additional training is reguired, the instructional designer needs to perform
a thorough needs analysis, including an analysis of the current training methods. The task
analysis will determine if there is an opportunity for improving on-the-job perforriance. A
needs analysis may identify ways of restructuring the task for improved performance and
efficiency. ifa CBT is proposed to lower training costs, then a cost/benefit analysis needs o
be performed to determire if the CBT system wili actually result in lower training cost.

3.7.2 Poor Instructional Design

Another pitfall in creating CBT systems is poor instructional design resulting from a
mismatch between the target users insiructiona! needs and the training system's desigr.
Qccasionally, such a mismatch can hinder users’ job performance if they are itrained to
perform the task incorrectly.

An important part of instructional design is making the CBT software interesting to the
users. Many failed CBT programs are "page turners” that are little more than books that
have been transcribed to the computer: these sysiems do not hold most users’ attention. A
program cannot be made engaging simply by tacking on pretty pictures and animation; user
interest must be designed into the system from the project's beginning.

The best defense against poor instructional design is, again, a thorcugh job task analysis and
instructional design based on this analysis. Instructionzl desigr is the bridge between the
students instructional needs and the CBT program's design. Without a thorough job task
analvsis, it is unlikely that the CBT program will be useful. {fthe program is being done in-
house, iterative reviews help ensure that it will meet its instructional goals A thorough
analvsis of the system’s instructional design is necessary for programs buiit by g contracior
or bought off-the-sheif.

3.7.3 Poor User Interface Design

A CBT system should be designed so that it is easy to use. The text should be readable i

4
contirols should be intuitive, and the user should be able to determine what the program is
doing and what he or she can do with the program. If this is no! true, users become

frustrated with the svstem and avoid using it. If students are forced o use a poorly designed

orogram, they usually do not pay attenuion te what the program is ryving 1o ek, A

program can also be unusable and frustrating if the computer is not powerful enough for the
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software or does not have all of the features (such as multimedia accessories) the software
requires. The net effect of poor user interface design may be a decrease in training and work
motivation, so this type of failure requires special consideration.

User interface design problems can be avoided by performing frequent user acceptance
evaluations during CBT development. The best way to do this is to have intended users
operate the program and report any problems they have understanding its content or usage.
Someone uninvolved in the CBT's programming should observe the users to record reported
problems and to look for problems that users do not report. Data gathered from these
evaluations should drive CBT design changes.

The CBT team should understand the target users. The team should know the users’ level
of computer experience, background knowledge, and learning styles. For example, if the CBT
program requires a2 mouse and the students are unfamiliar with using a mouse, the instructor
should give 2 short lesson on its use {possibly by letting the users play a computer game).
With knowledge of user backgrounds, CBT sofiware and hardware can be evaluated for "fit”
with the students, and changes can be made, if necessary. Users have a variety of experience
and knowledge, and CBT systems should be designed to be usable by the largest number of
students. There 1s always a number of students who need extra help with any system.

3.7.4 Poor Computer Programming of CBT

A needed and properly designed CBT system will not be successful if it is poorly programmed.
If the computer program does not do what it was intended to do, then it is unlikely that it
will meet its instructional goals. Poor programming can result in incorrect or missing data,
or programs that mysteriously "lock up” the computer. A program with too many errors is
not instructionally effeciive becauvse the user pays too much aitention to trying io make the
program work. Poor computer programming can result from several planning or management
problems:

» Poor planning or resource allocation

* Wrong choice of programming tools for the task

® Insufficient training in the use of the programming tools

¢ Insufficient management of programming tasks, testing, or deadlines
* Personality conflicts between CBT team members.

These problems can be avoided by applying standard software engineering and management
techniques to administering the programming project. Although team management is not
a concern for organizations buying off-the-shelf CBT, 1t is still important to ensure that the
traming software being bought is error-free. This can be done by conducting a piot program
with a small group of students before buving the CBT program.

Because computer programming is still more of an art than a science, it is often difficult
predict how much time it wili take to complete a program. On the average, it takes between
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200 and 500 hours of development to produce one hour of CBT. The time for any particular
project depends upon many factors, including the system’s complexity, the CBT team's
experience, and the amount of cooperation with management and instructors. It is important
to al.‘;iocate time for evaluation and testing to ensure that the CBT program is useful and
usable.

3.7.5 Unplanned Organizational Impact

When applying any technology to a task, it is important to consider the impact that the
technology will have on the organization. This is not often done with computer technology
since it is usually assumed that the "new"” method will improve efficiency and productivity.
Sometimes lack of planning for the introduction of new technology results in a refusal to use
the new technology. Organizational rejection of technology may be caused by poor training,
confusion about the purpose of the technology, or users' feelings that the technology is being
imposed on them.

When using CBT in an organization for the first time, it is important to understand and
account for the shift of the instructor's role from a presenter of information to that of a
student assistant. This can best be done by conducting a trial CBT course. This trial course
should explicitly describe the roles of instructors, students, administrators, and support
personnel. Testing a prototype in a classroom also provides useful informaticn before the
CBT course is implemented school-wide. The students should be familiar with the behavior
and operation of computers and the reason for using computers in training.

3.7.6 System not Integrated with Qther Training

Just as there is no single tool for all tasks, there is no single technology appropriate for all
training. A CBT system should be applied to nieet specific training goals for which it is
appropriate. Since there are other training methods to teach other knowledge, an
instructional designer must consider how to integrate CBT with other types of training. For
example, a CBT system that teaches non-destructive inspection may be integrated with
classroom lectures that explain the theory behind magnetic and ultrasonic NDi and textbook
material that describes different NDI systems. When dividing a training course among
several instructional technigues, the instructional design must be well-planned to ensure that
students have all the prerequisite knowledge before proceeding to new lessons.

3.7.7 Oversell of CBT
A CBT program is an asset to technical training because it enhances traditional classroom
training. CBT systems have sometimes failed because they were oversold ito school

management, instructors, and/or students. CBT is not the "end” in training technology; it is
rather a “means” in the effort toc meet the cverall goal of effective and efficient technical
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training. The broad category of oversell includes optimistic predictions of cost effectiveness,
performance improvements, development time, or user acceptance.

A good CBT system requires time, money, and other developmental resources. If sufficient
resources are not allorated to building the system, it will be inadequate and will probably fail
o meet its goals. Ifthe finished CBT is ineffectively utilized, it is unlikely to be cost-effective.
Another common misconception is that CBT solves all of an organization's training problems.
As with any training approach, some students wiil have problems learning from CBT. This may
result from poor CBT design or from some students’ insufficient background knowledge or poor
learning habits. Instructors should prepare for this eventuality.

To avoid this problem, set realistic goals for CBT. The goals should describe expected changes
in training costs and effectiveness. Remember that both of these do not have to improve; in
some cases, a CBT that increases effectiveness may cost more than the current training method.
Finally, make sure that others in the organization understand the goals for the CBT system.
3.8 CONCLUSION

The design and implementation of CBT systems present many options to aviation training
managers. While the decisions may seem complicated, they can be greatly simplified by using
a proven systems approach to manage CBT selection, development, and implementation.
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CHAPTER FOUR
IDENTIFICATION OF BARRIERS TO SUCCESS FOR NONTRADITIONAL
PARTICIPANTS IN AVIATION MAINTENANCE CAREERS

4.0 INTRODUCTION

The challenge to improve air safety through employment and retention of an appropriate
maintenance work force is extremely diverse. Many factors determine the composition of any
air carrier's maintenance team. These factors include Federal Aviation Administration (FAA)
regulations, area demographics, pay scales, union rules, and availability of personnel, to
name a few. The FAA Office of Aviation Medicine, in conjunction with Aviation Education
Consultants, has compiled the information in this report in an effort to ensure that a
plentiful supply of appropriately qualified persons will be available to meet anticipated
Aviation Maintenance Technician (AMT) needs into the 21st century. For the purpose of this
investigation, an Aviation Maintenance Technician (AMT) is any person directly involved
with the repair or restoration of aircrafi. AMT perscnnel includes Airframe and Powerplan?
(A&P) technicians, Avionics techaicians, non-certified technicians employed by repair stations
and does not include supervisory, educational, or administrative personnel.

1t is anticipated that highly skilled blue collar workers will become incressingly in demand
by various trades; therefore, the aviation industry may find it difficuk: tc employ those
rersons needed for many specialized maintenance operations such as non-‘iestructive testing,
composite refabrication, and electronics troubleshooting and repair. The changing role of the
U.S. military may also have a dramatic impact on the availability of AMTs. Current data
from research studies suggests that the sunply of white male workers, who have traditionally
populated this field, will prove inadequate to meet future work force needs. It will be
important, therefore, not only from an equity perspective, but also because of employment

demands, to emphasize recruitment, training, and placement of nontraditional populations
for AMT careers.

4.1 THE ORJECTIVES

The primary opjective of this study was to delineate effective strategies for meeting the
emerginz AMT work force needs through cecruitment, training, placement, and retention of
nontradiiionz: workers. Research has shown that historically vnder represented populations
such as fema'cs, blacks, Hispanics, displaced homenrakers. and reeducated oider workers,
while representing the greatest hope for mecting work force shortfalls, present unique
employment chaliznges. In most cases, individuals in these population.s lack adequate
training and/er FAA certification to allow them to enter an AMT career.

In order to prepare effective straiegies for meeting the emerging needs of the aviation
industry, demographic data was coliected to determine the populations most in need of
assistance. This portion of the sti:dy was also used to predict future supply and demand for
AMT employees. The methodoiogy was an exiensive demographic review of currently
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employed AMTs, Bureau of Labor Statistics, FAA and census data, as well as various
industrial sources. The historic demographic composition of the AMT work force can also
have a profound effect on future employees. Historically, AMT career fields have been
dominated by white males, but, by what percentage and are those percentages changing?
The demographic portion of this study examines both the composition of the AMT work force,
now and in the future, as well as the predicted number of AMTs available o fill the emerging
positions in the aviation maintenance industry.

In order to identify effective strategies to combat the lack of employment diversity in the
aviadon maintenance fields, one must first identify the barriers which inhibit nontraditional
populations from choosing aviation maintenance as a career. During this study, the research
team conducted a thorough literature review and site visitations to AMT schools and work
facilities. Barriers 10 nontraditional employment and existing recruitment and retention
strategies in airline, general aviation institutions, training, and other related environments
were 1dentified and cataloged. With assistance from a commercial airline, the International
Association of Machinists, and the Aviation Technical Eduecation Council, information was
gathered to identify other delimiters to AMT career selection, retention, and post-training
articulation into AMT career fields. The research team was able te identify several strategies
which are potentially helpful in encouraging nontraditional individuals to choose AMT
careers, succeed in training, and then to entice them tw remain in the field.

4.2 DEMOGRAPHIC PROJECTIONS

This seciion of the report re-examines the resulits of the 1991 Working Paper (FAA, in press)
on Aviation Maintenance Technician (AMT) shortages prepared by the Federa! Avistion
Administration. The 1991 paper produced projecticns of pilot and AMT work force needs in
Civilian Aviation for 1992-2003. This section of the report addresses only the projections of
future AMT work force needs. A re-examination of civilian commercial pilot work force
projections is beyond the scope of this project. A summary of the complete demographic study
is in Appendix 4.

4.2.1 Background

The re-examination of future AMT work force needs was called for in response 1o questions
from aviation officials. union leaders, and others about the large shortages of AMTs that were
projected in the 1991 working paper. The 1981 working paper states that "numerous sources
predict that there will be a need for 100,000-120.000 AMTs by the year 2000. This number
is based on the current number of technicians combined with new positions related to new
aircraft and increased attention to continuing airworthiness of older aircraflt.” The 1991
report projects the shortage of AMTs to be between 65.000 and 85,000 new AMTs by the year
2000 Many felt that the shortfalls were too large; others, that the projected shortfalls were
too conservative.
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The shortages projected were accompanied by supporting information and arguments that
seemed to provide a rationale for the expected large shortfalls. In the report, the projected
decline of the population in the 16-24 and 25-34 age groups by the vear 2000, a declining pool
of potential AMTSs coming from the military, a low retention rate of AMTs in the aviation
industry (only 45% of AMT school graduates remain in aviation after 2 years), and other
reasons are offered to explain why the supply of AMTs is not expected to keep up with
demand. Al of these reasons and ratiorales focus on the supply of AMT work force into the
aviation industry. However, the FAA report does not offer specific yearly projections of AMT
work force supply to accompany their detailed yearly projections of AMT work force demand.
As a result, precise yearly shortages remain unclear.

This study examines the report's projection of AMT work force need. The projections are re-
calculated using much of the original study's methodology but with some variation where the
assumptions of the original projections have been questioned. These variations in
assumptions and methodology are described in Appendix 4. This study also offers yearly
projections of work force supply using data that was not used in the working paper study.
This study projects supply by using FAA data on estimated active AMTs reported in the FAA
Statistical Yearbooks. The yearly projections of AMT work force supply and demand can be
compared to produce projected yearly shortages or surpluses.

4.2.2 Projected Demand and Supply of AMTs

The projections of AMT demand from Tables 4A-4 throush 4A-8 (Appendix 4) are combined
with projections of AMT supply from Tables 4A-8 and 4A-9 {Appendix 4). Projections of AMT
shortages can bhe calculated by comparing the sup: ly and demand proiections. Only where
409 of active AMTs are
employed in aviation and
where it is assumed that
14 AMTs/transport
category  aircraft, 4.2
AMTs/commuter usircraft
and .15 AMTs/general
aviation aircraft are
zeeded do we find that
there will be substantial
AMT  shortages (see
Figure 4.1;. However,
for circumstances where
greater than 407 of active e S S ———
AMTs remain employed 1960 1585 1990 199 2000

mm aviation and waere |, — - e
fewer AMTs are neaded o e 14 AMT s/Acratt ¥ 108 AMT srArcrgtt —e— 7 AMT S0 A - 1-sh
maintain each class of
aircraft, we do not project

(Thousands)

I; —o 45% AMT'L Rolan = 0% AMT ¢ Ratain

Figure 4.1 AMT Suppls & Demand
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shortages (Figure 4.1). In general, the supply of AMTs will meet the aviation industry's
demand.

Another factor to be considered when projeciing future shortages is the large pool of AMTs
who are certified but who are not employed in aviation. These AMTs could return o aviation
emplovment at seme point if circumsiances warrant 1. However, it is to the aviation
industry’'s advantage not to draw upon this supply of AMTs. It is much more cost-effective
to continue to fill positions with entry-level AMTSs, rather than to pay higher wages to more
senior people. The comparatively low wages, nighttime work schedules, and uncertain job
security in the aviation industry create retention problems within the indusiry, especially for
more experienced and senior workers.

There may be short-term [

18 !
shortages of entry-level
AMTs in the aviation 144

industry, given  the
cyclical nature of increase
in the number of
annually certified AMTs
who remain active in
aviation maintenance
each year (see Figure
4.2). Short-term
shortages in the industry
may indeed be the stimuli
that AMT schools and s A S LA R A T
prospective students react
to, at least wuntil it
becomes  difficult  for
T i q
gizkbjo;?me?hfi\:g}fooﬁ Figure 42 Change in Active A&P Mechanics
then react by reducing
the scope of their programs. Individuals then may also become less interested in AMT
training due to a perceived or real lack of jobs in the indusiry. ©Civen the nature of the
aviation industry, it seems to be quite difficulr to create any long-term balance betwern the
training of new AMTs and the availahility of jobs. Assuming that the aviation indusiry is
tied to the overall economy, in the long-ierm {(more than a few vears: the number of AMTs
needed will continue to show cyclical changes as the economy goes through its typical upturax
and downturns.

housando)

Incraane 1n Active A&P Machanics

-
'

(
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—

Another trend that may substantially reduce demand for AMTs in the US. aviauon industry
is the movement of aviation maintenance facilities to foreign countrier  As more of these
facilities become realities, the growth in the number of 16bs available to AAMTs truined in the
United States will slow.
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The overall conclusion of these analyses is that AMTs are available to meet today's demand
and ihat future shortages seem unlikely. There may be short-term shortages of entry-level
AMTs as the aviation industry fluctuates with the economy. However, the massive shortages
suggested by the working paper seem unlikely. For a more detailed look at the demographic
portion of this study, see Appendix 4.

43 BARRIERS AND MOTIVATORS TO NONTRADITIONAL CAREER
INVOLVEMENT

In order to prepare effective strategies for meeting the emerging employment needs of the
aviaticn industry, barriers which inhibit the recruitment and retention of nontraditional
populations into the AMT work force must be identified and cataloged. Successful motivators
which encourage diversity in aviation work force populations must alse be examined.
Ultimately, the federal government and the aviation industry must strive to ease the barriers
and increase the motivators which will stimulate the involvement of nentraditional
populations in AMT careers.

4.3.1 Review of Previous Research

The research literature and previous studies of nontraditional employees in aviation suggest
that there are many reasons that women and minorities fail to select aviation careers. From
an expansive view, these delimiting factors can be grouped into several general categories:
societal and cultural indoctrinations and expectations: disparity of treatment; individual
development; vocational awareness; and real! or perceived discrimination and bias. The
summative effect of these variables is central! to an individual's predisposition to select and
his or her ability to survive and prosper in nontraditional careers.

The literature suggests that minorities and women with an interest in nontraditional careers
place as much emphasis on career goals as do white males (Bianchi, 1590; Goicberg &
Shiflert, 1881). What, then, discourages women and minorities from entering white male
dominated career field preparation and pursuits? The literature suggests that there are
many barriers limiting or disccuraging these individuals from selecting nontraditional
activities. Factors such as the individual's socioeconomic status, the amount and type of
parental encouragement the individual received, the aspirations of peers, and the
employment status of their close friends and family members are 5 few contributing vanables
(Carr & Mednick, 1988; Ott et al., 1979). The literature groups delimiters limiting the entry
of women and minorities into traditional white male occupations into three distinet barrier
types: institutional, situational, and dispositional {Denbroeder & Thomas, 1980; Thomas et
al., 1979).
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4.3.1.1 Institutional Barriers

Institutional barriers are those delimiters which are intrinsic to white male dominated
educational or industriz! organizations into which female or minority integration is desired.
Examples of institutional barriers are admission policies, financial aid policies, institutional
regulations and policies, and staff attitudes (Bianchi, 1990; Denbroeder & Thomas, 1880;
Thomas et al., 1979). Many educational, industrial, and societal factors influence and limit
career aspirations and success for minorities and women in white male dominated training
or career fields.

4.3.1.1.1 Industrial Bias

Legislative mandate has substantially reduced institutional barriers for women and
minorities. Federal laws such as the Equal Pay Act, the Civil Rights Act, the Equal
Employment Opportunity Act, and the Eqgual Rights Amendment establish industrial
guidelines aimed at integrating minorities and women into historically under represented
career fields (Aburdere & Naisbitt, 1992; Riles & Prvatel, 1978). Thus, many institutional
bariiers associated with educational and industrial policies have been removed for females
and minorities interested in nentraditional pursaiis.

The imposition of Congressional mandate does not assure equal treatment in the work place.
The literature suggests that women and minorities in supervisory positions are viewed by
their subordinates less favorably than white males in these positions, despite the
subordinates’ race or gender (Faludi, 1891: Haccoun, Haceoun, & Sallay, 1978). Research also
indicates that minorities and women generally perceive that they are discriminated against
as a population. However, when these same individuals were asked if they themselves were
discriminated against, they generally indicated that they were not (Crosby, 1984; Eiff, 1958;.
Many institutions! barriers can and have been successfully addressed ane controlled through
legisiation in order to equalize vocational opportunities for men and women of all races
{Thomas et al.. 1979). In the current study. workers of both genders and various races
reperted that many industrial barriers, biases, and discriminatory activities have been
controiled or neutralized by legislation or by fear of legal action precipitated by judicial
precedent.

4.3.1.1.2 Educater Bias

Institutional barriers associated with educational organizations have proven formidable to
the process of iniegrating equitable numbers of minorities and women intc white male
dominated career fieids.  While the Civil Rights Act and Title IX of the Education
Amendments propose tv ensure the elimination of bias and race- and sex-role stereotyping
in both emplovment and career preparaticn, hoth overt and covert bias remain entrenched
in our educationa! institvutions {AAUW, 1852, Denbroeder & Thomas, 1980). Unfaverable
comments amd behaviors by teachers, counsilors. and peers have been shown to be
discouraging imfluences on women and minor iy siudenis with nontraditional interests
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(Bianchi, 1980; Exo & Brown, 1981). Legislative mandate has neutralized most overt forms
of discrimination in educational institutional admissicns, financial aid, and regulations
policies (Orr, 1983). However, successful remediation of biases associated with staff
attitudes and actions has not been realized. The influences of teacher, counselor, and
textbook biases on minority and female students still pervade our educational institutions

(AAUW, 1292; Cronenwett, 1983).

Teachers and counseiors consciously and/or unconsciously convey bias to students by "sending
verbal and non-verbal messages to students” discouraging the selection of a nontraditional
career field (Cronenwett, 1983; Stitt, 1988). Since counseling experiences seem to influence
career decision-making in voung people, counselors must question the quality and eguity of
the service they provide (Sauter, Siedl, & Karbon, 1980). The literature shows that
counselors hold sex-and race-sterectypical attitudes and often show disapproval toward
students wit:x an interest in nontraditional or, as they perceive it, "deviant” program or
career interests (Bianchi, 1990; Ott et al, 1979). Most agree that counselor bias ang
awareness level are important variables in the pursuit of an equitable counseling experience
{Sauter et al., 1980). Most also agree that counselers need to reduce their open and subile
biases in an eﬁ‘urt to facilitate equity in educational programs and career pursuits {(Lewis et
al., 1976; Stitt & Suiit, 1990}

The literature implies that counselors are “agents of conformity, rather than vehicies of
change” (Hawley, 1972; Stitt, 1988). Research indicates that counselors tend to sugges: only
traditional options to undecided students and discourage nontraditional interests. Teachers
in areas like technology are somewhat reluctant to include nontraditional students in their
courses. While these influences may be presented most subtly, they can effectively discourage
nontraditional choice among under represented populations {Harriscn, 1880 Ariniudes
among educators toward the suitability of vocational courses for varicus individuals were
demonstrated to be associated with the educator’'s sex and educational level. but not their
race or teaching longevity (Handley & Walker, 1978} }Male teachers were more influential
than female teachers in female students’ decisions to seleci nontraditional courses and
careers. Female teachers tended to encourage female students to maintain a traditional
educational and career interests. White educators, both male and female, are more biased
regarding nontraditional work preferences of men and women than are black educazors
(AAUW, 1992; Handley & Walker, 1978}

Educational institutional barriers must be changed {rom within, The key o implemenung
such changes is the teacher {(Farris, 1980: Research indicates tha: teachers exhibit
differential treatment of students accoraing 1o the sindent’s race and gender AA’ W, 1892,
Ottetal, 1879) It is suggested that this treatment disparity occurs because teachers asenibe
different Lharaetensacs o gender and race and pre:er certain ypes of behavior in members
of certain populations (Ott et ai., }9:9 Stizt, 18881 ‘While teach ::g facuity have not been
implicated as direcuy infiuencing trad: tmrza} choices in students’ majors, they seem w hive
an indirect influence through c? s:m:em expene'z:.e': {Bianchi, 1580; Carr & Mednick, 1885
O'Donnell & Andersen, 1978). Teachers and counselors diselose that the do not encourage
or discourage students’ consideration of nontraditional career intere ¥
however, that when a student indicates 2 nomraéz::oz‘_a.’ interest thev "probe” 10
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the student’s interest is genuine. This "probing” could discourage many students from
pursuing nontraditionsal interests (Lewis et al., 19786; Stuitr, 19381

4.3.1.1.3 Educationzl Material Bias

While teachers and counselors may covertly convey bias, there are many overt forms of bias
in the educational environment. Chief among these influences are instructional ianguage
and textbook bias. Subtle forms of racist or sexist language significantly affect students
social percepticns. (Briere & Lanktree, 1983; Stitt, 1988). The use of guidance materials
(Eiff, 1989; Rohfeld, 1977) and textbocks which project overt or coveri sex- or race-
stereotyping or utilize racist or sexist language can greatly deter students’ consideration of
nontraditional interests (Lewis et al., 1976; Stitt & Stivt, 1990

Research suggesis that a student's perception of eareer atiractiveness and his or her
willingness 16 move into specific career fields follows sex- and race-stereotypical directions
as a function of the degree of exposure to racist and sexist language. Thess findings support
recent demands for non-sexist and non-racist language in guidance material and textbooks.
{Briere & Lanktree, 1983; Faludi, 1991). In addition 1o language bias, textbooks have also
been found o project stereotypical race and gender attributes. Textbooks often present
females as passive, fearfi:l. or incompetent. Males are ofien portrayed as active, brave, and
resourceful (Ot et al., 19791 Minorities are often projected 1o be ¢criminal, lazy, or offensive

In order to remove biases generated by educational materials, it is imperative that teachers

L

and counselors guard against the use of sex- or race-typed material iLewis et al., 1876}
4.3.1.2 Situaticnal Barriers

neutralizing institutional barriers will not, in and of itgelf result 1n greater representation
of women and minorities in white male dominated career flields. There remains a sizable
array of personal-social barriers which create conflicts for minorities and women wno wouid
like 10 enter poniraditional careers {Thomas e1 al. 197%: Ameong these barrie
influences related to the individuals emvircnmen:ial and life coniexiual limnations
Situational barriers are those constraints experienced by the individual due w0 the
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circumstances in which they find themselves. Situaticnal barriers include family
responsibilities, financial needs, and societal pressures :Denbroeder & Thomas, 1880 Leach
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& Roberts 1988 Thomas et al.. 18781 An individuai’s sogial and family context has 2
significant impact on his or her career aspirations.

4.3.1.2.1 Career Training Costs
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mathematics and science often dictate additional training in these disciplines before entering
career training. Many women and minorities fail to consider nontraditional career fields
because of their need for career preparation and the cost of that training (Drake, 1990,
Rodriguez, 1986 In aviation career flelds, career preparation training costs are a barrier
which must be surmounted before minorities and women can enter these nontraditional
careers. Socioeconomic background may predispose low aspirations among these individuals
if they perceive narental reluctance or inability to support career-preparation costs {Carr &
Mednick, 1988; Danziger, 1983). Despite a desire t¢ pursue such training, these individuals
may also find it difficult to secure joans for traizing and often lack information on how to
ootain money for career iraining (Bianchi, 1290; Thomas et al., 1979). 1In order for
individuals from low-income backgrounds to have an opportunity to enter nontraditional
careers, it is necessary for them to identify sources of money for training costs (Bianchi, 15990;
Fralick, 1984). These individuals often find it difficult to secure financial aid due to their
special needs (Thomas et al., 1979).

4.3.1.3 Dispositional Barriers

Legisiative removal of institutional barriers has not changed pervading attitudinal barriers
preventing students from choosing nontraditional career pursuits (Albrecht, 1976; Duo &
Yuen, 1985; Leach & Roberts, 1988). Dispositional barriers are those attitudinal attributes
of an individual which preclude his or her involvement in nontraditional careers. Individual
dispositions may create dispositional barriers such as the fear of failure, fear of success,
attitudes toward intellectual activities, role preference, level of aspiration, dependence, and
feelings of inferiority (Denbroeder & Themas, 1980; Thomas et al., 1879). For many
minorities and women, race- and sex-role stereotyping, occupational race- and sex-typing, and
self-concept have a significant impact on their occupational aspirations (Eiff, 1991; Ruble et
al.. 1984). Attitudinal barriers effectually eliminate serious consideration of nontraditional
career pursuit. It has been shown that an individual's level of education affects the impact
of such barriers on carcer aspirations. Lower levels of education in combination with
socialization presents an eminous barrier for nontraditional career aspirations. The "lack of
an adequate education which would prepare one for certain occupations combines with
attitudes developed during socialization that, in effect, define these occupations as
inappropriate choices anyway” (Albrecht, 1978).

4.3.1.3.1 Self-Esteem

Research has indicated that there appears to be a significant relationship between an
individual's self-esteem and whether or ot the individual's attitudes are nontraditional or
iraditional (Harrison et al.. 1981). The literature reports that many women and minorities
have a lower self-concept than white males in the realm of occupational performance. This
may lead to lower self-confidence and an expectancy of failure (Sleeter, 1951; Soldwedel.
1989; Thomas et al., 1979). Women are more self-conscious and, therefore, more vulnerable
to criticism than males, especially in occupationally related terms (Faludi, 1951; Rosenberg
& Simmons. 1975). Women facing the reality of pursuing male-dominated careers agree that
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they are discouraged by their lack of self-confidence (Eko & Brown, 1981). Women with
nigher self-esteem are more likely to pursue nontraditional occupations (Harrison et al.,
1981).

4.3.1.3.2 Fear of Success

Females and minorities who gain success in environments where their employment is
considered traditional or where there is an equality of representation elicit favorable white
male reaction. When the success is associated with careers or actions considered "deviant”
for minorities or females, these same males react punitively. Successful nontraditional
workers may manifest a "motive to avoid success” in an effort to avoid disfavor among white
male peers (Lockheed, 1975). Thus, women and minorities may become underachievers when
competing with white males, especiailv in environments where white males dominate, in
order to avoid a perceived compromise in their relationship with these men (Carr & Mednick,
1988; Dole, 1989; Thomas et al., 1979).

4.2.1.4 Socialization

The effects of social expectations are most apparent in the career and life aspirations of
women. Women are socialized into diverting their attention away from themselves as
workers and toward seeking identity from their spcuse or potential spouse (Thomas et al..
1979). Socializing forces not only inhibit the development of women but also impede the
national interest to maximize human resources (Aburdene & Naisbitt, 1992; O'Donnell &
Andersen, 1978). Socialization is a process "whereby implicit standards of social conduct are
conveyed te and acquired by children” (Bearison, 1979). As an example, parents, teachers,
and media socialize women from infancy to seek their fulfillment in the wife/mother role and
at the same time motivate men toward occupational success {Orr, 1983). Social scientists
assert that this differential in socialization patterns exists throughout an individual's life,
guiding males and females in different directions (Carr & Mednick, 1988; Rosenberg &
Simmons, 1975). Traditional societal sex-role socialization promotes achievement motivation
in men but is antagonistic to the development of such motives in women (Carr & Mednick,

19881

Members of minority populations are similarly affected by cultural and sccial expectations
dictated by their backgrounds. These influences give stark evidence that paramount among
socializing forces is the family. The family is the first and foremost influence in our lives
(Auster & Auster. 1981; Eiff et al., 1986). Research indicates that the socialization process
within the family was the greatest factor affecting the occupational choices of women and
minorities {Eko & Brown, 1981}). As the primary agent of sccialization, the family's influence
on career choice is a result of a complex interplay of active and passive, formal and informal.
social, psychological. and economic factors. Career choice among women is influenced by such
family sociveconomic factors as parental education levels and occupational status, income,
and number, birthing order. and sex of siblings (Auster & Auster, 1981} as well as parents’
attitudes toward traditional roles {Leach & Roberts, 1988; Thomas et al., 1979).
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The literature indicates that despite their racial cr ethnic background, parents differentially
socialize sons and daughters (Bearison, 1979; Carr & Mednick, 1988). Seemingly benign
behaviors by parents can translate into covert sex-role stereotyping. Factors such as the type
and frequency of handling in infancy, the numbers and kinds of toys, and the encouragemen:t
of dependence or independence can have dramatic implications on children's sex-role
perceptions (Schlossberg & Goodman, 1972). The classic "Baby X" research demonstrated the
pervasive and inadvertent nature of parental sex-role socialization. By using the same baby
and representing it as male or female, researchers were able to demcnstrate that adults
interact different with the same infant in accordance with the child's perceived sex (Seavey.
Kaiz, & Zalk, 1975). Thus, the literature suggests that women from all backgrounds are
adversely affected by familial socializations.

Many family attributes and constraints also affect the career aspirations of minorities and
women. The educational levels of parents, especially that of the mother in the case of women
aspirants, and the work history of parents have been strongly implicated as factors in an
individual's nontraditional career pursuit (Crawford, 1978; Danziger, 1983; Drake, 1990;
ODonneli & Andersen, 1978; Sauter et al., 1980) Both boys and girls appear 1o be
influenced by the occupation of the opposite sex parent (Kane & Frazee, 1989; Nelson, 1978).
The financial resources of the family are also linked to parental expectations and individuals’
aspirations. Families with limited financial resources may be more sensitive to the cost and
duration of career preparation and the uncertainty of occupational returns (Bianchi, 1990;
Danziger, 1983).

Other prominent socializing forces are the influences of race- and sex-typing in the media and
advertising. Television abounds with sex- and race-typed information concerning role
appropriateness in its program and advertising content. The media, including magazines,
songs, newspapers, and radio, reinforce traditional sex and race roles (Schwartz & Markham.
1985). Children learn about jobs and work settings from television, but such programming
strongly promotes the "appropriate” race and sex of the worker (O'Bryant & Corder-Bolz.
1978, Stitt & Stitt, 1990).

The race- and sex-typing of toys has also contributed to role socialization. Such socializations
are strongest for females. Toys "for girls” are strongly oriented toward domestic pursuits and
do not encourage construction and manipulation like "boys’ toys” do (Schwartz & Markham.
1985). Toy advertisements project the toy's appropriate sex, thus promoting sex-role
socialization. Research has demonstrated that toy advertisers portray their toys with
"appropriate” sex children in the pictures (Schwartz & Markham, 1985) In toy use
experiments, however, researchers have found that there is no significant relationship
between a chilus sex and the use of boys’ or girls' toys (Karpoe & Olney, 1983). Children,
instead, universally used the toys by toy-defined criteria, rather than by perceived sex-typing

Another example of sex-typed expectations are those predicling that women are not
mechanically inclined and lack the ability, strength, dexterity, and aptitude to perform many
maintenance-related tasks. Research studies of mechanical skills demonstrate that this
perception is contrary to demonstrated abilities. When tested for technical aptitudes and
abilities, women were found to excel in six aptitudes: finger dexterity, graphorrhea,
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ideaphoria, observation, silograms, and abstract visualization. Men excelled over women in
only two areas, grip and structural visualization. (Orr, 1983). Thus, commonly held beliefs
that women are not adept or capable of performing mechanical tasks as well as men have
been demonstrated to be erroneous.

4.3.1.4.1 Role Stereotyping

Role stereotyping is one of the most frequently cited sources of bias in the literature {(Falud:,
1991; Ruble et al., 1984). Role stereotypes are oversimplified judgments about people’s
capabilities and interests based on their race, ethnic background, or sex (Farris, 1980, p. 19).
Role stereotyping is a deeply rooted and pervasive aspect of our culture which affects career,
educational, and occupational choices (Aburdene & Naisbitt, 1992; Faludi, 1961; Alden &
Seiferth, 1980). Sex- and race-role identification is a central aspect of the social learning
process and has profound effects on a child's expectations, self-image, and behavior (Schwartz
& Markham, 1985).

Traditionally, masculinity and femininity have been viewed as dichotomous (Yanico, Hardin,
& Mcl aughlin, 1978). It has been a cultural precept that if an individual endorses a position
which projects masculinity, there is simultaneous non-endorsement of femninity (Faludi,
1991; Urbonas-Bendikas, 1981). The analysis of sex-roles brings with it a perception of
threat since it asks us to question our own personal sense of identity. This is because our
identities have been based upon socialization as males or females through constant and
frequent overt and covert reinforcements of sex-stereotyped characteristics (rarris, 1980).
Sex-role socializations are problematic in that they block human uaderstanding.
communication, and potential (Alden & Seiferth, 1980).

The acquisition of sex- and race-role identities are usually attributed to one of three factors
innate biological differences, cognitive-developmental parameters, or social influences
{Bardwell, Cochran, & Walker, 1986). The third factor is derived from social learning theory
and, thus, is central tc the current study. The process of stereotyping involves classifving or
categorizing groups or individuals according to dispositional traits, attitudes, or intentions
(Carr & Mednick, 1988; Ruble et al., 1984). In the current context, a stereotype centers
around normative role expectations. Relative to gender, for men, these normative
expectations are that they will be economically independent, that they will work all their
adult lives, and that they will be the prineiple breadwinner and achiever. Women, on the
other hand, are expected to be successful in marriage, to assign their prionties to child
rearing and homemaking, and are less exposed to social pressure to achieve. Career pursuits
and economic independence are conceived of as secondary considerations for women
(Danziger, 1983). Socialization of women turns them toward being pleasing to others:
socialization of men turns them to ac.omplishment and achievement (Stitt & Stitt, 1980,
Rosenberg & Simmons, 1975).

Society identifies certain traits as representative of male and female attribuies. The male
is considered to be independent, active, objective. confident, ambitious, assertive, legical, and
aggressive (Ruble et al., 1984; Shinar, 19751  Female attributes include gentleness,
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emotionality, interpersonal sensitivity, tactfulness, neatness, and guaiet (Ruble et al., 1934;
Shinar, 1975). When compared to men, women are cousidered less competent, less
independent, less objective, less logical, and less organized {Broverman, Vogel, Broverman,
Clarkson, & Rosenkrantz, 1972; Rosenberg & Simmions, 1975}

Individuals acquire role stereotyping from a variety of social forces: parents, schools, neers,
and the media (Schwartz & Markham, 1985). Since stereotyping begins at infancy, it is set
by the age of three and defined by the age of six. Parents are the first and primary source
of role-bias (Duo & Yuen, 1985). The role sterectypes imposed by parents during early
childhecod become a formidable barrier during later years (Thomas et al., 1979). Parents
subconsciously pass sex- and race-role traditions on o their children through both overt and
covert actions and language. Parents teach children to play with race- and sex-appropriate
toys, assign them sex-appropriate household tasks, and treat them differently (Oit et al.,
1979). Many times, differentia! treatment is conscious and deiiberate (Seavey et al., 1975).
During adolescence, parental expectations that daughters wili marry and have children is an
important barrier to career pursuit (Carr & Mednick, 1988; Thomas et al., 1979).

Many other social forces contribute to role expectation reinforcement. Scheols nurture
stereotypical behavior through their expectations of different behaviors for boys and girls, and
for members of different races. Girls are expected to be obedient, docile, and dependent; boys,
to be aggressive, active, achieving, and independent (Carr & Mednick, 1988; Faludi, 1951).
Another influence on role identification is the bias imparted by television (O'Bryant &
Corder-Bolz, 1978;. In general, women are portrayed in less liberal, more sex-role
differentiated roles in television commercials than is the case in real life. Television
commercials generally depict women in mater.al, housekeeping, and aesthetic roles (Mamay
& Simpson, 1981).

4.3.1.4.2 Occupational Stereotyping

Occupations and professions are highly segregated by race and gender (Bielby, 1978).
Occupational race- and sex-stereotypes are developed in much the same way as individual
stereotypes (Ruble et al., 1984) and are extensions of the generalized segregation which
characterizes all aspects of Western society (Lipman-Blumen, 1978). These stereotypes are
but one reflection of a pervasive society-wide system of sex and race differentiation which
manifests itself in differing roles, temperaments, and opportunities (Faludi, 1991; Mason,
1976; Schlossberg & Goodman, 1972). As with other Western cultures, occupational
segregation has been a constant feature of the work place in the United States throughout
its entire history (Deaux, 1984; Duo & Yuen, 1985).

Two methods of occupational sex- and race-typing are apparent in the literature: 1) the use
of the race or gender ratio of workers in an occupation and, 2) by a classification of the nature
of the work {Standley & Soule, 1974). Research suggests that the most commonly held
perceptions cf occupational stereotyping relate to the majority sex or race werking in a
career peing perceived as the occupation's appropriate sex/race { Krefting, Berger, & Wallace,
1978; Ruble et al., 1884; Thomas et al.,, 1979). Often, minorities and women are discouraged
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from secking employment in white male dominated careers because of such occupational
stereotyping (Drake, 1990; Kane & Frazee, 1589; Thomas, 1981).

Historically, there has been a tendency to channel women and minorities into a few socially
acceptable, low-status, traditional occupations (Leach & Roberts, 1988). Segregation by race-
and sex-typed occupation constitutes a major waste of natural talent (Aburdene & Nzisbitt,
1992). Despite porported efforts to infuse greater numbers of women into nontraditional
occupations, research indicates that occupational segregation by sex is nearly as prevalent
today as it was almoust one-hundred years ago (Alden & Seiferth, 1979). An individual's
perception of cccupziional sex- and race-appropriateness has been found in early childhood
(Rosenthal & Chapman, 1982). Studies suggest that students in elementary grades limit
their career interests to vace- and sex-typed career fields (Alden & Seiferth, 1980; Papalia &
Tennent, 1975; Tremaine, Schau, & Busch, 1982). Career aspiration gains in liberality
through pre-adclescent (Tremaine et al., 1982). Females express more varied, nontraditional,
and soph:sticated vocational preferences during pre-adolescence than they do when entering
college (Eiff, 1959). By the time women enter college, they exhibit clearly defined perceptions
of sex-typed cccupaticns (Skinar, 1975). These perceptions of race- and sex-appropriate
career fields prevent many minorities and women from considering white male dominated
occupations.

4.3.1.5 Informationa! Barriers

Informational barriers have proven to be a major force working to limit the involvement of
women and minorities in white male dominated aviation career fields. Research has
repeatedly demonstrated that a generalized lack of awareness and the unavailability of career
information and career guidance with regards to atypical careers are significant factors in the
discouraging the nontraditional participant from entering white male dominated career fields.

4.3.1.5.1 Lack of Awareness

Many minorities and women fail 1o perceive the myriad of nontraditional career opportunities
as viable career options simply because they are unaware of them. A campaign of general
publicity and efforts to inform high school counselors has been listed as the most important
strategy to improve the representation of nontraditional workers in white male dominated
occupations (Deaux, 1984; Leach & Roberts, 1988; Occupational Competencies, 1851).

Race and socioeconomic status are important factors in career awareness. Cccupational
knowledge is associated with an individual's socioeconomic status, family size, and race.
Race, in particular, has been demonstrated consistently to have a dramatic impact on an
individual's occupational knowledge (Howell, 1678}, Blacks are less familiar with job titles
than other populations and have a more restrictive view of occupational possibihties. They
also have a lower inclination to explore career possibilities (Alden & Seiferth, 1980).
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Women are generally less aware than men of both the availability of nontraditional careers
and of information about employment openings (Drake, 1990; Leach & Roberts, 1988; Stitt,
1988). In aviation career fields, specifically, the general lack of awareness among worien and
minorities concerning the diversity of aviation career opportunities was cited as the single
most important reason for the low levels of representation by these populations in aviation
career fields (Eiff, 1989; Occupational Competencies, 1991). It has been suggested that
making these individuals aware of atypical career opportunities and encouraging them to
explore those opportunities will have a dramatic impact on the integration of women and
minorities into white male dominated careers (Drake, 1990; Harrison, 1980; Leach & Roberts
1988).

4.3.1.5.2 Lack of Career Information

Many women and minaorities to select traditiona! careers bezause they do not have access to
information concerning atypical occupational opportunities (Kane & Frazee, 1989; Stitt &
Stitt, 1990). Individuals and counselors lack important informetion about nontraditional
careers which would enable minorities and women to make intelligent choices with regards
to occupational selection and preparation (Eko & Brown, 1981; Stitt, 1985). Information
concerning career preparaticn, potential salaries, job opportunities, working conditions, and
promotional opportunities is critically lacking (Lewis et al., 1976).

4.3.1.5.3 Lack of Career Guidance

The literature indicates that there is a dramatic need for greater career counseling for women
and minorities (Alden & Seiferth, 1980; Leach & Roberts 1988;. When workers were asked
if career counseling was influential in their nontraditienal carcer decision, many indicated
that it was of little or no help (Eiff et al., 1986; Rohfeld, 1977;. It has been suggested that
this may indicate that counselors either do not have adequate information about individuals
in nontraditional occupations or that their own biases regarding race- and sex-roles directiy
limit the information they offer women and minorities. In either case. it is important that
counselors increase their knowledge about career opportunities for women and minorities, as
well as their awareness of and sensitivity to bias (Drake, 1990; Occupational Competencies.,
1991).

4.3.2 Nontraditional Career Motivators

The literature also gives insight as to what factors influence or motivaie minorities and
women to consider nontraditional careers. Motivation is a function of two elements:
expectancy and vaiue. Expectancy is "the individual's subjective sense of probability that a
certain event will occur” (Laws, 1976). Value can be viewed, from the cognitive perspective,
as the “positive or negative incentive value a particular event has for the individual” or, from
a behavioral perspective, "in terms of an organism’s tendency to approach or avoid a given
state of affairs” (Lewis et al., 1976). Together, expectancy and values are the framework of
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an individual's aspirations and career motivations. Aspiration, from a psychological or social
learning tteory perspective, is "an integral part of a dynamic cycle invoiving goal-setting.
effortful siriving, events that provide feedback about success or failure, and the adjustment
of aspirations” {(Lewis et al., 1976). Some of the more important motivating influences
encouraging women and minorities to choose nontraditional careers include the promise of
economic gain, the presence of role models, interactions with career professionals, visits w
job sites, experiential career experiences, and appropriate career information.

4.3.2.1 Economic Gain

In career selection and pursuit, several factors influence the decision process. Salary, social
prestige, nature of the work, individual characteristics of the job seeker, and educational and
skill levels are concomitants of occupational preferences (Aburdene & Nausbiti, 1892, Dole.
1989; Ruble et al., 1984). Earning potential is a major influence in career dec:smn makin
(Cronenwett, 1983) Women and minorities in traditional careers have consistently made less
money than men in traditional white male career fields. This persistent 60¢¢ ratio in female
tc male esrnings exerts pressure on many women to pursue higher-paying career
opportunities \Deaux, 1984 Often, nontraditional career consideration is directly related 1o
an individual's perception of better earning potential (Waishck, 1876, A motivation to
maximize earning potential causes many minorities and women to avoic or leave traditional
caree:s in favor of nontraditional career opporiunities (Scott, 1980

UG

4.3.2.2 Role Models

The influence of "significant others” has been attributed a paramount imporiance in career
decisicn making (Eiff et al., 1986; Eko & Brown, 1981; Handlev & Walker, 187581 Significant
others include parents. teachers, and influential role models {Handley & Walker. 1978 The
shortage of female and minority role models in nontraditionnl career flelds. 1t has been
suggested, results in nontraditional workers being afraid w enter white male dominated
fields {Orr, 1983; Thomas et al., 1879

csearch indicates that material which portrays minorities and women in wihite male
dominated jobs reduces female and minonty reluctance to enter those fields -OPryvant &
Corder-Bolz, 1978; Orr, 1683; Stitt & Stutt, 1480: Identifving role models actively employed
in under represented fields can help overcome their habitual feelings o ’<—< oubt and seilt
defeat (Fletcher, 1830: Women and minorities 2re ess Likely to aspire to an ogeupuiion when
the renresentation of same race and same gender workers In that fleld 15! ‘ ow. Evidence of
few role models in a career field gives the impression t'*m' the career is "off-hmits’ Teaux.
1984 Career information and activities involving role models ‘who are seteally domg it can
be an effective tool in neutralizing barriers te a *u*muw carvers (Alden & Sewdernth,
Burge, 1983: Dolan, 1980; Eko & Brown, 1981, Lewis et al, 1976, Ott et ol 1870 sunt &
Anderson, 19560

i
i
~
ks
s

St




Identification of Barriers

Career information and posters should display nontraditional role models {(Carney & Morgan,
1987 eliminate race- and sex-restrictive labels, and drop sex-biased semantic markers for
traditional, stereotyped occupations {Rosenthal & Chapman, 1962). Many researchers have
suggested that, as the number of minorities and women in a career field grows, the numbers
of nontraditional workers who aspire to that career will increase {Jackson, 1878; Ruble et al.,
1984). One researcher has even speculated that the entry of more women and minorities into
white male dominated career fieids will have a "snowballing effect,” resulting in greater
numbers of these populations aspiring to that field (Thomas et al, 1878). The more
frequently females and minorities can be portrayed as incumbents in jobs previously held
primarily by white males, the more likely the sex- and race-type assessment of the occupation
is to change {(Krefting et al., 1978; Solcwedel, 1989).

4.3.2.3 Meeting Career Professionals

Many studies have indicated the importance of personal contact with role models (Eko &
Brown, 1981). Programs which allow for a free and unsiructured information exchange
between wumen and minorities in nontraditional careers and individuals aspiring 1o those
careers will provide for successful neutralization of barriers to career involvement {Brunner,
1¥81;. Men realize early in life that thev will spend the majority of their aduit lives in paid
employment. Men, therefore, conscicusly or unconsciously buiild informal mentoring
relationships which help them to develop requisite skilis for success (Lyvnich, 1980;. Women.
on the other hand. limit their involvement in such networks.

Meeting and discussing career concerns with professionals from aviation career fields would
allew minorities and women interested in nontraditionzl aviation careers with 3 guasi-
mentoring environment. Such a mentoring environment should provide knowledge about the
specific conditions encountered in the field, provide the opportunity to meet people who might
be able 1o provide career and occupational preparation information. and to provide support
in matters relatlive to career decision making {(Lynck, 1380). These mentoring activities give
interested individuals the opportunity to develop an individual. persenal perception of what
it is like t0 be in that particular career (Eiff, 1989; Eiff et al., 1986). Participants find it very
helpful to discuss career opportunities with someone who can "tell it like it is” Some
participants, after a candid and close examination of the career, may decide the occupation
is not for them (Fowier, 1881} An optimal mentoring program mainizins the age difference
between the mentor and the participants ai a half-generation, roughly 8 to 15 vears {Lynch,

1980,

4.3.2.4 Job Site Visitation

Another technique suggested by previous research as motivaling noniraditional career
selection is for individuals to visit job sites not tradiiicnally occupied by minorities or women.
Visitation of career facilities which allow students to meet and observe workers was razed
very helpful” by high school students (Eiff er al., 1886; Leach & Roberts. 1388; Rohield,
19771 Research indicates that minorities and women with traditional interests participate
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in job site visits more than those with nontraditional career interests (Orr, 1983). Such visits
promate a ciearer understanding of what the career entails and a more realistic picture of the
working environment (Harrison, 1980). During such visits, nontraditional employees should
be evident in order to promote role models whizh are associated to the specific occupation
{(Lewis et al., 1976). Examples of invelvement of women and minorities in nontraditicaal
careers will project the career field's movement toward a more balanced race and sex ratic
within the field. This perception will encourage greater numbers of nontraditional persons
te consider the exhibited career field (Heilman, 1979).

4.3.2.5 Experiential "Hands-on” Experiences

Career exploration utilizing experiential work simulation has proven to be very effective.
Studies have demonstrated the effectiveness of having individuals learn about career
opportunities through experiential activities related to actual career tasks or in actual career
environments. Students seldom have the opportunity to engage in realistic, hands-on
experiences. Performing realistic work tasks using real tools provides an environment in
which work-related skills and interests may be tried and explored (Fifield & Petersen, 1878).
Viewed as a learning experience, hands-on training activities optimize knowledge acquisition:
"According to the American Audiv-Visual Society, people remember only 11% of what they
hear, 30% of what they see, 50% of what thev see and hear, angd 70% of what they do”
{Bradley & Friedenberg, 19861. Hands-on experiences emphasize the application of skills.
rather than a vicarious skill experience. The experiential aspects of the experience are
uniquely effective at captluring the interest of participants and motivating them to learn
iFifield & Petersen. 1978 Cognitive learning. participants’ attitudes about the job.
participants’ interest, and participants’ valuation of work all increase significantly (Fifield
& Petersen, 19781, This success appears to be linked to the fact that stucdents iend to
perceive themselves as actually involved in authentic work problems. This perception results
in a higher degree of motivation and facilitates a realistic exploration of the pariicipant's
interests, aptitudes, and special abilities (Eiff er al.| 1986; Fifield & Petersen, 10978}

The use of experiential "hands-on” activities generates intense occupational interest.
Participants :n hands-on activities report that thev felt particularly positive about the
activity. Educators report that such experiential aciivities result in a high degree of student
motivation. This maotivation causes the student to seek additonal information abour the
career. Educators l.ave found that hands-on experiences are extremely interesiuing and
effective wayvs for students to learn abou! occupations and to increase their interest in the
world of work in general and the career explored i particular (Fifield & Petersen, 19784

4.3.2.6 Career Education and information

The literature is emphatic about the need to re-examine career guidance and ecucation if
equitabie numbers of women and minorities are to be Integrated into white male dominated
career Tlelds. The quality and availability of career information is critical to neuiralizing
barrers aguinst involvement of women and minorities in nantraditional occupations. One
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of the most important influences on students is information about careers; career literature
is a major influence in perceived career attainability and in occcupational selection {Szuter
et al., 1980; Stitt, 1988). Unfortunately, much of the career information currently available
contains racially and sexually biased information (Yanico, 1878 and categorizes cccupations
as race- and sex-role appropriate (Ott et al., 1979). Great care must be taken to select or
generate career guidance information which is not sex-stereotyped (Lewis et al., 1876

Studies indicate a need for an intensive effort to provide career information addressing career
issues and to make that information available to parents, students, teachers, and counselors
{Alden & Seiferth, 1980; Occupational Competencies, 1991). To be effective, such information
should include trends in the world of work, realistic information on working conditions.
potential for employment, and earnings potential (Cronenwett, 1983). Material must be
developed 1o increase the visibility of white male dominated occupations and awareness
among minorities and women of nontraditional opportunities {(Orr, 1983;. This maternial
should provide a more egalitarian perspective cn the role of women and minorities and should
provide a non-sterectvped representation of career opportunities (Sauter ev al., 1980

4.4 SPECIFIC AVIATION CAREER BARRIERS

7

While the research literature identifies many generalizable barriers for women and minoritie
seeking to pursue nontraditional careers, central to the concerns of this study are thase
specific to aviation career pursuits. Also, the last decade has seen aggressive efforis by the
aerospace industry to encourage the participation of greater numbers of nontraditional
workers in various aviation careers. Recent research studies indicate that these efforts have
begun to result in increased numbers of women and minorities selecting and pursuing
nontraditional aviation professions. Therefore, an important facet of the study was to review
efforts currently used by aviation industries, schools, and organizations in order 1o determine
what programs and methodologies are best at causing women and minorities to consider
aviation career pursuits.

4.4.1 Career Selection Barriers

The research literature indicates that the generalized lack of awareness among women and
minorities concerning nontraditional career opportunities is a major reason that few of theso
individuals select those careers. Earlier research demonstrated that most young people and
high school career counselors are unaware of the diversity of avigtion ¢areer opportunilies
avaiiable 1o powntial employvees. The same study mndicated that these individuals ¢o not
understand the requisite knowiedge and skills necessary for entry into such ¢areers or know
how or where to obtain career training (Eiff et al., 19861

The generalized lack of fam:liarity of aviation career oppertunities remains the single most
prominent barrier to diversifying the aviation work force. Numerous research efforts ha
demonstrated that individuals from all age groups have almost no understanding o

workings of aviation commerce and the variety of careers it represents (Eiff et 1
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This has been proven to be especially true among young pecple. When questicned about
aviation careers, few young people exhibited a knowledge of career opportunities other than
those of pilot and air traffic controller {Occupational Competencies, 1991}, This leaves iittle
doubt as to why these particular careers have realized the greatest gains in nontraditional
WOrkers over recent years.

From discussions held with various administrators within the aviation mdustry, it appenrs
that thers have been significant gains in the representation of mincrity popuiations. other
than women, in aviation maintenance careers. This improved minority hiring appear
especially true within major industrial settings. An evaluation of this trend suggests th
the dramatic increase in numbers of minority workers in aviation maintenance profession
is most attributable to aggressive education and recruitment efiorts by the military, major
airlines, government agencies, and other aviation and educational 0rganizations.

Y,

[41]

4.4.1.1 'The Military Influence

et

One of the most significant factors influencing the current wrend toward more egua
representation of nontraditional aevospace maintenance professionals has been the reiative.y
successful diversification of the miiitary. The dramatic success by all branches of the militar
in recruiting. training. and placing large numbers of women and minorities in gerospace
career fields has had a dramatic residuzt effect on civilian indusiries. When aviation
maintenance technicians currently working in the industry were asked where they received
their training, military training and experience constituted the greatest source of career
preparation for Blacks, Hispanics, and women (s¢e Tables 4.1 and 4.2 ard Figure 4.3 and
4.4,
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Table 4.2 Aircraft Mechanics and Technicians Career Preparation by Race
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Figure 4.3 Career Preparation by Gender

The milizary has a long history of successiul ouireach programs. Active recruiiment in hish
- = - fd =
schools, technical schools, and colleges has beer z mainstay for diversity in 1oday’s military

Youth activities such as the Civil Air Patrol, Young Astronauts Program., Star Base, and Boy

ard Girl Scout groups have been a2 keysione for diversity recruitment efforts. The military

has also played an important role in supperiirg aernspace education ¢Torts at numerous
grade levels throughout the country. College tuition programs have also proven instrumental

i drawing minority populzstions into miiliary aerospace felds.
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Figure 4.4 Career Preparation by Race

In an effort 10 provide for an ali-v xlun:eﬂ military, all branches of the armed services have
engaged In aggressive recruitment and advertising programs. To 2 large extent. armed
2eTVices ad veriusing projects an unbiased and ge:ner- and race-fair image of asrospace
proiessionals. Their extensive use of race and gender roi» modeis 1z advertising fosters larger
pzamrzpmisn v under represented popuiations.
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The movement ioward greater world peace and rhe demise of the Sovier Unior has

precipitated a feeling among many that the military in many aregs has become obsclete.
i:zcr{-.zs:nc cencerns over the national delteit will most assuredly result in dramatic reductions
m 1he defense budger These reductions in milizary spending promise 1o Lt o7 nos curtarl,
muany of the beneficn spin-offs re:apgd by eivilian aerospare indusiries. Redueed budgers wiil

ional and vouth acuvilies. The predioted

most lkely resuit in diminished support of educan
)
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professionals for articulation mto eivilian careers. Most importantiy, the nulitarv's aggressive
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gender- and race-fair adverusing of aerospace careers will mast Hkely be reduced

dramatically,

Iy Light of the fact that working aviation maintenance technicians indicate that the largest
pereentage of wom»n and m::mrz:g; WOTrKers -eceireﬁ thelr career interes: and 1 a::z:“a
through me military, the reduction of miliiary spending and the downsizing of our military
Srces will most assurediv affect the representation of nontraditional workers in sviction
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the largest contributor to the representation of each population. As the military loses its
much needed influence, it is incumbent vpon the civil aviation industry and schools to renew
th 2ir efforts to recruit and retain women and minorities in aviation professions.

4.4.1.2 Other Government Agency Efforts

Several other governmental agencies have promoted aerospace career and education outreach
programs as a part of their activities. Prominent among these agencies are the FAA and the
National Aeronautics and Space Administration (NASA). Both agencies have devoted
significant resources to developing educational material and programs, as well as sponsoring
educational grants and projects. Many of these efforts have proven quite successful.

The FAA has developed a wide variety of aviation career education materials. The most
significant are documents which discuss various aviation career opportunities, the education
and training necessary to qualify for each career, and the need for such professionals in
today's aerospace industry. The care and effort expended to mzke these documents race- and
gender-fair has resulted in career brochures which, for the most part, are not oaly fair but
project an atmosphere which encourages women and minorities.

The FAA has also developed an extensive array of education materials, videos, and programs
which promote aviation and aviation careers. Much of this material is designed to be
integrated into educational envircnments as suppiemental materials for normal educational
activities from elementary to high school and college. In an effort to distribute these
materials, each FAA region has an aviation education specialist who serves as a contact point
for individuals seeking assistance with aviation education materials. In addition, the FAA
has established a network of aviation education resource centers. Teachers and other
individuals interested in obtaining educational materials or assistance in materials or
program preparation can utilize the centers’ vast array of materials. The FAA also promotes
programs such as aviation art contests, Aviation and Space Education Conferences, and state.
regional, and national awards for aviation educators.

While the FAA has expended considerable effort and resources in preparing and distributing
aviation educational materizls and in developing educational programs and avrards, these
efforts have not attained their maximum effectiveness for several reasons. Firsi, regional
aviation education specialists are normally collateral duty assignments. These individuals
perform educational activities in addition to other duties. Often, their other responsibilities
take precedence over educational matters, resulting in reduced effectiveness. Most prominent
among the reasons that the FAA programs have not realized their potential is a lack of
continuity and follow-through. Fregquent changes in administration result in shifting focuses
and changes in programmatic emphasis, as well as wide fluctuations in funding for such

programs.
The FAA Administrator's Award for Aviation Education Excellence is a prime example of an

exemplary concept developed by the FAA which has fallen by the wayside. For two years,
the FAA awarded state, regional, and national "Excellence in Aviation Education” awards to
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individuals who had made significant contributions to aviation education. This award caused
a great deal of excitement among educators and aerospace education proponents, resulting
in many individuals' renewed efforts to develop and promote aviation education projects.
Unfortunately, just as the award was realizing significant results, the awards were
discontinued.

NASA has committed significant funds, personnel, and facility space to developing, producing,
storing. and disseminating public educational materials. Unfortunately, NASA's narrow focus
on math and science subiect material has limited the materials' effectiveness at generating
greater awareness for aerospace career opportunities among nontraditional populations This
intense feeus is also reflected in their educational grant programs. National Space Grant
Consortium programs are generally aimed at high school and college math and science
students who have already demonstrated an interest in and an aptitude for these subjects.

4.4.1.3 Aviation Industry Out-Reach

Due to the declining aviation industry economy, industry-sponsored programs have been
scarce over the past troubled decade. In times past, major aviation and aerospace companies
expended considerable effort and resources in promoting aviation education and career
awareness. Beech, Cessna, and Piper aircraft companies each had very active aviation
education programs several decades ago, producing many types of career and general
education materials promoting aviation concepts. As aviation suffered from its rapid decline
in the late 197G's, one of the first areas to receive significant cuts were the aviation education
programs. As aresult, much of this material is unavailable at the present time.

Currently, Beech Aircrafl is the only manufacturer distributing aviation educational material.
The Aircraft Electronics Association recently formed an Education Foundation to help
promote aviation education. The Genera!l Aviation Manufacturers Associadon prepares and
distributes material in behalf of aircraft manufacturers. One of the most significant efforts
to be fronted by the aviation industry in recent vears is the renewed efforts by the
Experimental Aircraft Association and the Aircraft Owners and Pilots Association. The
Young Eagles program, for example, is a breath of fresh air in an otherwise mostly stagnant
aviation education environment.

4.4.1.4 Aerospace Education Qut-Reach

As has been ncted, governmental agencies and aviaton industry corporations and
organizations have and continue to produce quality aerospace educational materials for
infusion in regular class subjects. Recent research, however, demonstrated that most
educators are not aware of this material and are not using it in their educational activities
{Eiff et al., 1986} Despite efforts by these agencies and the establishment of networks of
resource centers, the material is just not getting 1o most educators.
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In an effort to help alleviate this problem, aerospace educators have initiated a series of out-
reach programs to make educators aware of the abundant material available to them for
aviation and space education and to provide aviation and space examples for regular class.
Numerous packaged aviation and space programs, such as "Come Fly With Me,” "Back to
Basics Through Aviation," and "Fantastic Flight,” have been developed in 2 "teacher-ready”
format for use in public school classrooms. Teacher education classes have been offered
throughout the nation in order to provide encouragement and guidance to teachers wishing
to utilize aviation materials in their classrooms. Most of these programs have been highly
successful.

4.4.1.5 Early Aerospace Education

Research literatore suggests that most individuals make generalized career decisions by the
time they leave elementary school. Therefore, one of the best long-term strategies for
encouraging young people to consider aerospace careers is to use aviation and space examples
in learning activities starting in kindergarten and continuing through all elementary grades.
Iris Harris promoted this concept in the "Fantastic Flight” program developed in Alabama
and subsequently promoted by the FAA.

A similar concept started in Illinocis, known as the "Harvard Park School” project, has
demonsirated that it can not only enhance the learning of regular subject material but alse
stimulate and motivate both teachers and students. The program includes a teacher
education class that provides teachers with “instruction-ready” material and exzplores
innovative instructional methodologies. A central element of the teacher education program
is an in-depth exploration and demonstration of how aviation materials meet state mandated
goals for learning and produce increased learning and student motivation.

The adoption of the concept in a school-wice program offered an invaluable opportunity te
measure the concept's effectiveness. A post-unit evaluation of the program showed significant
increases in student motivation and learning. An unforeseen benefit was the reported
motivation of teachers who used the material. Additional benefits of the program included
increased parental participation in learning activities and measurable increases in
community, industrial, and school administrative support and involvement. In its fourth
year, school officials report that the program is still producing measurable gains in
motivation and learning. More importantly with regards to this study, students have
demonstrated a pronounced increase in their understanding of the aviation industry and
aviation careers.

4.4.1.6 Lack of Visible Role Models
The literature strongly identifies the need for like-race and like-gender role models in

encouraging noniraditional populations io select under represented career opportunities.
Aviation advertisement and literature significantly ‘acks these types of role models.
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Researchers reviewed aviation advertising in trade journals, popular publications, on travel
posters, in career placement advertisements, and on television. The vast majority of the
material projected strongly traditional role models. Motable exceptions included military
advertisements and FAA public service announcements. Unfortunately, the beneficial impact
of these exceptions was dramatically reduced by the fact that military advertisement is
becoming less prevalent and that FAA public service announcements are often played during
broadcast periods when few impressionable young pecple are watching.

The importance of a significant other or role model is evidenced by the fact that almost 90%
of the women maintenance professionals interviewed for this study had a family member or
close friend active in aviation. Most minorities also identified same-race individuals in
aviation as influential in their selection of an aviation career. While numerous informal
race/gender role model strategies have been used to encourage nontraditional workers to
enter under represented careers, little has been done to formalize role modeling or
networking activities with cne notable exception.

In 1990, Ds. Peggy Baty held the first of what has become an annual conference for women
in aviation careers. The National Women in Aviation Conference has been held each year
since 1990 and has enjoyed a dramatic increase in participation every year. The conference
is a highly effective means of promoting female aviation role models and providing a network
for women pursuing aviation careers. As such, it represents a vehicle which could prove very
beneficial at encouraging women to enter nontraditional aviation careers.

4.4.1.7 Changing Aviation Environment

Dramatic changes in the aviation environment over the past several decades have contributed
significantly to limiting the visibility of aerospace careers and access to information
concerning career preparation. Much of the difficulty currently experienced in encouraging
young people to consider aviation careers is directly attributabie to barriers resulting from
changes in the aviation environment. The reduction in the per capita piiot population.
declining numbers of airporis. reduced access to airport facilities and workers, increased cost
of career preparation, and increased exposure and sensitivity to liability issues are among
the most notable barriers delimiting the recruitment of new aviastion workers from diverse
populations.

Discussions with numerous aerospace workers who have been working in aviation careers for
more than 13 years revealed that many became interested in aviation careers through early
exposure to aircraft or aviation enthusiasts at local airports. Many said that as youth they
frequently visited local airports and freely wandered about the faalities. This open
accessibility allowed them to meet and interact with many aviation professionals and
hobbyists with varied backgrounds and interests. Such encounters provided these individuals
with much of the information necessary to stimulate their aerospace career interests and
provide the necessary background information to chart the path of aviation career
preparation.
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For many aviation professionals, their spark of aviation interest was kindled by observing
activities at local airports. Steries of walking ramp areas or airport hangars and talking to
pilots or mechanics were common among these professionals. Many related how they were
allowed to help "rib stitch” wings, wash and wax airplanes, or participate in other aviation
activities. Today, young people have little opportunity to participate in such learning
activities since airport security provisions have virtually "locked-out” all unauthorized
individuals from airport facilities. Gone are the opportunities for young people with an
aviation interest to visit airport facilities and cultivate their own aviation contacts. This
"lock-out" has progressed to such a level that at most airperts individuals with a sincere
desire to observe airport operations are kept at such a distance that meaningful observation
is impossible. Airport observation decks and areas have, for the most part, disappeared.
Most individuals who attempt to gain access to airports for individual or group observation
of aviation operation and career activities reported receiving "hostile” receptions and "extreme
negativism” from airport managers and facilities operators.

The initiation to aviation for many aviation enthusiasts and professionals often involved a
chance encounter with an individual or a relationship with a friend who is a pilot. Such
relationships often result in "first flight” opportunities and significant exposure to aviation
operations, careers, and airport environments. Recent Experimental Aircraft Association
(EAA) statistics suggest that the opportunity for such encounters may be declining. The
shrinking fleet of general aviation aircraft coupled with the reduced population density of
pilots will inexorably mean fewer opportunities for individuals to be introduced to aviation
in this traditional fashion. According t¢ a recent EAA publication. in 1953, there was one
pilot for every 262 people in the United States. Today, there are now fewer than one p:lot
for every 371 individuals. When this trend is viewed within the context of the drasticaily
reduced access to airport facilities precipitated by the airport security "lock-cut.” the few
individuals fortunate enough to have such encounters or acquaintances will most likely not
be from the diverse populations targeted by this study. Probability would imply that aviation
mentors would most likely be white males and access would be himited to traditional
populations. The result is a perpetuation of the same populations in aviation professions

Compounding the effects of reduced access to existing airports and the dwindling numbers
of pilots is the dramatic reduction in the number of local airports anc small aviation business
operations. Severe shifts in aviation commerce over the past few decades have resulted 1n
the disappearance of many smaller airports and operations. F,r example. the Chicago area
boasted 52 airports immediately following the Second World War. By the mid-eighties, only
26 of those airports remained .n operation. The economics of aviation commerce at many
smaller airports make it impossible to support maintenance and flight operations. In {lhnois
alone, more than 40 of the 135 airports throughout the state have no operator on the field.
Illinois is not alone in this dramatic reduction of ~.rport operations. A review of aviation
business statistics indicates that the number of airports and aviation businesses throughout
the country are significantly lower than those of two decades ago. As the cost of maintaining
and operating aircraft increases exponentially and the number of general aviation atrcraft
and pilots dwindles. small aviation operations zre finding 1t increasingly more difficult to
remain in business.
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Another facior imiting access to airport facilities, aviation professionals, and opportunities
for flight experiences is the increased concern about liability. Discussions with individuals
and organizations which attempt to provide aviation education and career experiences for
young people, teachers, and potential aviation professionals indicate a proncunced reluctance
on the part of aviation industries, organizations, professionals, and hobbyists to provide such
experiences. When approached to provide tours or opportunities {o meet and observe aviation
professionals in their work environment, many aviation businesses cite liability concerns as
precluding their participation. Many youth, teacher education, and aviation education groups
try to provide opportunities for program participants to fly in general aviation aircraft as a
learning experience. Providing an opportunity to participate in a flight experience was once
relatively easy to arrange. Most groups now report, however, that national organizational
restrictions or concerns by potential pilots over liability issues make such opportunities
nearly impossible to arrange.

Another factor which limits the consideration of aviation careers by prospective professionals
is the rapidly rising costs of career preparation. Most notable among aviation career costs
are those for flight career preparation. It is not uncommon for individuals to spend upwards
of $20,000 to obtain the necessary flight ratings to obtain the minimum qualifications
necessary to begin a professional flight career. Even individuals aspiring to aviation
maintenance professions find career training and tool costs a formidable barrier t¢ career
consideration. Since many minority populations come from econcomically disadvantaged
backgrounds. these career preparation costs may severely limit the involvement of these
target populations. In fact. tool and career training costs were identified by both males and
females of all populations as a barrier to aviation career selection in this study.

4.4.2 Technical School Bias

Central to the research study was an evaluation of the preparedness of aviation mamntenance
and techuical programs to foster the recruitment. retention. and placement of women and
minorities in aviation maintenance professions  Also of coneern was the abihty of technieal
programs to promote a learning environment where bias and discrimination against members
of these populations was minimized.

4.4.2.1 Recruitment and Retention

Several previous research studies have indicated an imperative for informational and
recruitment strategies in order to encourage more women and minorities 1o pursue aviation
careers (Eiff et al., 1986; Rodriguez, 1986; EufT. 1991: FAA certified mechanies schools were
questioned in an effort to determine their level of invoivement in recruitment and retention
efforts. As show in Figure 4.5, only about une-third 34 87 - of the schools questioned hud
recruitment programs of any type. Of the schools with recruntment programs, the vast
majority 165 47 i of the programs consisted of i broad- based strategy aimed at encouraging
both women and minorities (0 pursue aviation milatenance cireers  Approximately a quarter
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(26.9%) of the schools with
recruitment  programs  had
strategies structured primarily
for recruiting women. Only 7.7%
of the programs were exclusively
aimed at minority populations
other than women.

A principle concern of the
research team was that many
FAA certifiad Mechanic Schools
may present a hostile learning
environment for female snd/or
minority students. Attitudinal
concerns include perceptions of
school  administrators  and
faculty concerning the potential
success of minority and fermale
students. Environmental

Women & Minornity

S"
Minornty Only \‘Q
[]

YWomen Only

No Program

Figure 4.5 Schools with Recruitment Programs (by
type of program}

concerns centered »round possible race- and gender-bias of textbooks, instructional pias,
institutional barriers, discriminatory materials and language, and the generalized lack of
support to remediate skill, tool familiarity, and knowledge requisite expectations.

Schoo! officials and faculty were
guestioned to determine their
perception of the likelihood for
successful completion of aviation
technical training programs by
women and mincrity students.
Seventy-six (78) FAA Part 147
certified Mechanic Schools were
questioned to determine the
representatien of women and
minorities in their student
population (Figure 4.6). Results
indicated that minority students
represented 24.9% of the
aggregate student body, while
women constituted only 3.4% of
the total number of students
enrolled in aviation maintenance
career preparation.

L

[ white Male

s Whonontas Lr—_j Femaies

Figure 4.6 Make-up of Student Bedy (in FAA-
approved mechanic schools)

When asked to predict the average success rate for their women and minority students,
school officials and facultv in these programs reported widely different completion rates. As
an aggregate, the schools felt that women and minority students were about equally likely
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te succeed in maintenance training programs. On the average, they felt that 77.3% of the
mincrity students would complete their training. Women were thought to be successful
78.6% of the time.

These same schools were asked to report the number of students who graduated from their
schools in 1992 and to project the number of 1993 graduates. Of the 5,783 students
graduated from these schools in 1992, 570 ($.9%) were minority students and 200 (3.4%) were
female students. The predicted number of students to graduate in 1993 was 5,394. Of these,
667 (12.4%) were minority students and 454 (8.4%) were women. On close examination,
these figures constitute a paradox. While school officials and faculty predict that women and
minority students possess an equal probability of success from their programs, in actuality,
this equality is not evident in completion rates.

If the reported population representations are compared with the 1992 graduation statistics,
we note some interesting relationships. In the case of minority students, only 40% of the
students graduated. Women, on the other hand, graduated in the same proportion as their
representation in the population. Predictions for the 1893 graduation of these populations
suggest that school officials predict that womern and minorities will have twice the
representation in the graduating class as they did during the previous year.

While these statistics could be attributable to specific class representation anomalies, they
could also indicate subtle bias on the nart of school officials and faculty at aviation technical
schools. The 1992 graduation statistics and predicted success for women in 1992 suggests
that perhaps women are more successful than these school representatives perceive. This
could indicate a subliminal belief by school officials and faculty that women wiil not be
successful in aviation maintenance careers and training. A similar evaluation of the
statistics for minority populations suggests that perhaps these same officials are overly
optimistic about their success rate.

it is interesting to note that some of the schools studied predicted completion rates as low as
20% for female students. The lowest predicted completion rate for other minority students
was only 33%. In 20.7% of the reporting schools, the same school reported that the success
rate for females was much lower than for minorities. In seéveral cases, the difference between
completion rates for the two populations was predicted to be as great as 50% and 70%. On
the average, these schools indicated that women were 287 less likely to complete the
program than their minority male peers. These predictions do not seem 1o be supported by
the graduation statistics. This difference may indicate bias against female students
participating in these particular training programs because school officials and faculty believe
that women are not successful 1n aviation maintenance training.

With ihe perception that women and minorities are less successful than white male students
in aviation maintenance training programs. one would think that the schools would establish
strong programs designed to promote retention of these populations. To identify the level of
support offered by certified mechanic schools for fernale and minority students, reporting
schools were asked if they had special retention programs for students. Only one-third of the
schools had any retention program at all. Of those schools with programs, 72% were generic
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programs designed for all
populations  including, both AT

female and minority students 100 5%
(see Figure 4.7) Of the ot
reported retention programs 22%
were siructured to address the
specific needs of minority |»
populations. Only 168% of the
schools with programs (5% of the
reporting school aggregate) had 20 /
special  retention  programs o1
designed especially for female

students' needs. Thus, the -
: ; Y For Al Students
researchers conciude that little ig ‘L

being done to meet the specific Figure 4.7 Type of Student Retention Programs (for

retention needs of women and y,,c6 schools which have programs)
minority students in aviation

maintenance training.

L

858233
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e For Minorities i ! For Wormen E

4.4.2.2 Learning Environment

School site visitations by researchers identified what appeared to be a genuine interest by
school officials and most faculty in providing a bias- and discrimination-free environment for
female and minority learners. However, vhile many of the most blatant and overt forms of
bias and discrimination were not evident in the vast majority of schools visited, the
researchers identified many subliminal and covert barriers tc learning.

A review of the most popular aviation maintenance textbooks demonstrated that little has
been done to project a race- or gender-fair image of aviation maintenance professionals.
Pictures almost always depict white male maintenance professionals. Even line drawings
and "stick pecople” project a male persona. Much of the textbook material reflects material
used in older military manuals. Little has been done by current authors and publishers to
remove the strong male engenderment of this material.

The proliferation of male attributes throughout aviation literature, communications, and
terminology has a dramatic impact on women aspiring to aviation careers. These terms are
so enirenched in the aviation environment that it becomes difficult, if not impossible. to
communicate without being bombarded by gender specific terms, including the use of gender-
specilic terminology by governmental agencies. Most significant among these influences 1s
the gender specific terminology used in the Federal Aviation Regulations {FARs!. Terms such
as “repairman” project to women aspiring to these positions that they are outsiders.
anomalies, or aberrations. The FAA i3 slowly rectifying these deficiencies which will have
a lasting effect on improving the equity in the AMT industry. We applaud these efiorts.
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Historically, aviation environments have been inundated with pictures, posters, calendars,

and cartoons with ethnie, racial, and sexual overtones. This discriminatory and harassing
material was offensive and detrimental to members of these populations who worked in such
envircnments. The diversification of the aviation work force f*oupied with the enactment of
legislation and fear of litigation has precipitated the general elimination of much of this
material. Researchers engaged in school site visitations were especially vigilant in seeking
materials which might be offensive to minority and female students. While material which
might be perceived as demeaning or offensive to minority populations was not evident in any
school visited, many had sexually suggestive or degrading materials. Most of these materials
were tool or parts suppliers’ advertising posters or calendars. While these materials were not
nearly as suggestive or offensive as material common throughout the environment a decade
ago, the message was still very clear.

Some specific examples include the following. A posteard with a woman sun bathing topless
was taped tc the wall above the desk of the faculty member responsible for the development
and retention programs for female students in an aviation maintenance technology program.
Another school's flight maintenance department had two posters mounted in the work area
which depicted women clad in small bikini swimwear holding the advertiser's tools. At
another school, a toolbox sported the large poster for an aircraft parts distributor which
showed 2 woman "mechanic” in front of what appears to be her toolbox holding a wrench.
This could have been a positive image of a woman aviation professional except thai the
woman was wearing a smail bikini nightgown Such portrayval of women undermines the
perception of women as maintenance professionals and reinforces their perception as sexusal
objects. Objectionable material leaves many women wondering if they will be respected and
accepted should they select aviation maintenance careers. Each of these examples depicis
a demeaning attitude toward females in aviation maintenance and is likely to have a
negative effect on self perception and esteem of female students.

Researchers were also cognizant of institutional barriers impeding the success of minorities
and women in maintenence career preparation. The facilities of mest visited schoois were
not adequsate for female siudents. Inequality of facilities. especially the lack of weq..me
restroom facilities, was evident at all of the schools. Llany schools were trving 10 cope with
their changing student populations, but their attempts have in most cases, fallen short

For example, one of the schools visited has been training airern® mechanics for over 25 vears
and is a well-respected technical program associated with 3 major aniversity. An evaluation
of the building's restroom facilities for students found that the main "men's” restroom had
2 showers, 35 lockers for students to store a change of clothes or tools 1n. 15 urinalz and

stalis, and 5 sinks with heavy-dutv. mechanics hand cleaner dispensers. The women's
restroom had one stall, one sink, and no lockers, shower, or hand ¢leaner dm-ac RETE T?‘eqa-
differences send the message that women are not expected 1o be ar this school as airerafl

maintenance personnel who use tools or get dirmyv hands.
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4.4.2.83 Classroom Interactions

During site visitation, researchers observed classroom and laboratory instructional sessions
whenever possible. The researchers sought to evaluate the content and presentation
methodology for biases, discrimination, or disparity in iea.mmg activities for affected
populations. While the researchers found little in the form of open discrimination or bias,
a strong subliminal bias and disparity of educational treatment was noted for both minority
and women students.

Aviation educators may not realize that despile their best intentions, not all students are
receiving equal instruction in their classrooms. There is considerable research supporiing
the contention that teachers may unconsciously display behavior limiting the nontraditional
students. This may be even more likely to occur where the instructor has generally worked
with traditioral (white male) students. When this trained cultural influence colors teacher
attitudes toward students, then teacher expectation begins to mold student behavior to fit the
expectation {Sadker & Sadker, 1982}

Gender bias manifests itself in unirtentional differentisl treatment of students basea on
teacher expectation. It is important to note that differences in teacher interactions toward
students based on their gender was found by the Klein (1585) study to oceur in both male and
female teachers, regardiess of their race, at all levals of education from kindergarten through
college instruction. Site visits indicated a strong, verbalized support from ieachers to the
researchers for the minority and female student, but closer observation proved that the these
students received little teacher atiention. They were ofien found working alone, not
interacting with the teacher or other studenis. According to a recent report from the
American Association of University Women (AAUW, 1992}, researchers report that females
receive significantly less atiention from classroom teachers than do males, and African
American fernales have fewer interzctions with teachers than do white females. Teachers
also were reporied to call on male studenis in class eight times as often as on female
students. And, according to Sadker {1888), when the males talk, teachers listen. Clearly, at
visited sites, the males were doing the talking both with the teacher and with each other.

The kinds of tasks and ‘::'ouoinga teachers assigned are often based on stereetvped notions
aboul appropriate female and male behavior. Therefors, males are asked to perform more
strenaocus or mechanical tasks while females are asked w0 do simpler tasks involving cleaning
up or note iaking. A study of science clesses found tha: when teachers neaded assisiance in
carrving out a demonstration, 79% of the demonsirations were carried oul by male students
{Tobin & Garnet:, 1387). Similarly, at visited sites, the researchers noted that the male
students appesred io be completing teacher-requestecd tasks during open lab times. The
female students, on the other hand, appeared to be relegated to cbservatiorn, note taking, or
clean-up chores and not included in the mainienance-related iaberazory tasks undes
consideration.

A possible cause for disparity of educational treatment among white, minority, and female
students may be a generalized lack of awareness or the part of the instructional staff that
such differences are occcurring. This could be due. in port, to the fact that few of the
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instructors in aviation maintenance training pregrams have formal iraining in the

educational process.

Unfamiliarity with the precepts of educational psychology and

mnstructional methodologies may leave well-intentioned instructors with the feeling that they
are treating all students equally while, in fact, they are discriminating against some

populations.

Few of the schools examined
require their instructors to be
well-versed in the foundations of
the learning process. Iu fact,
36% of the schools reported that
they had no requirement for
faculty to have any formal
education or degree at all
(Figure 4.8). A few schools (6%)
required a local or slate
vocational teaching certificate
but no college educatioa. About
a quarter of the schools {26%)
required prospective instructors
to have an Associate Degree in
any discipline. An asdditional
25% of the schools indicated that
they require a Bachelors Degree.
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Figure 4.8 Formal Education Recuirements for
Instructional Staff at A&P Schoels

Only 7% of the scliools require a Masters Degree. In each case, the degree could be in any
discipline. None of the schools reportad that they required training beyond a Masters Degree
or that the d ;.ees carned must ve in an educational discipline.

The research team was aiso

inierested in the level of

representation of minorities and

women on school faculty.
Research in relased
nontraditional career fields

suggests that gender and race
“role models” are very important
for recruiting and relaining
noniraditional students. The
schools in this study were asked
how many of their A&P certified
faculty were women  and
minorities. The schools
emploved a total of 759 A&F
certified instructors. As shown
in Figure 49 66 were
minorities (8.6%) and 14 were

:
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Figure 4.9 Compeosition ¢f A&P Faculty (at FAA
approved mechanic schools)
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fernales {(1.8%). Close examination of the data revealed thzt female faculty had been un the
job for an average of only 3.8 years. Obviously, recruitment of women for faculty positions
is a relatively new concept. In fact, of the 14 female faculiy reported to be on the
instructional staff of these schools, 12 had been on the job for 5 years or less.

The research literature strongly suggests that role models among the faculty of noniraditional
programs greatly enhances both the recrvitment and the retention of under represented
students in such programs (Eliason, 1981). For this reason, schocls should recruit as many
minorities and women into farelty positions as possible. As a facet of the research project,
214 active aviation mechanics working in aviation maintenance fieids were guestioned to
explore the availability of women with the educational and work experience requirements
necessary to qualify as instructional faculty in maintenance training programs Of the female
mechanics who responded to the study, 68.8% responded that their highest level of
educational preparation was a high school ceriificate. An additional 25% of the femaie
respondents indicated that they had attaired a college Associate Degree. Only 6.3% of the
working femsle mechanies and supervisors indicated that they had achieved z Bachelors
Degree in a college proegram. None of the responcents indicated education beycnd z
Bachelors Degree.

The limited educational backgrounds of working minority and female mechanics has the
potential to severely limit their gualification to serve as faculty in many schools. When
schools were asked if they were willing to "waive or defer” some educational reguirements
for otherwise qualified fernale or minority faculty candidates, 22.7% of the schools reported
that they would consider such 2 waiver or ceferment.

Although the literature indicated that faculy 2nd minority role models increased
nontraditional students’ recruitment and reteniion, the guestion remained as to whether or
not ihis would be true of aviaticn mainienance noniraditional siudents. The represeniation
of minorities in aviation maintenance training programs seemed little affecied by the
presence of minority fasulty. The average number of minority students in avialion
maintenance training for all of the schools sampled was 35.4 students per school. For schools
with minority instructors, the average number of students was 39.8 per school. This lack of
correlation among student representation and the presence of an instructor role model did
not hold true for females, however. For the schools sampled in this study, the presence of
a female instructor seemed to have a dramatic ofect on the participation rates of femnie
students. Viewing the aggregate school sample. the average number of female studenis
narticipating in aviation maintenance career preparation was 5.4 females per school. When
compared (o the average number of female students in schools with female faculty, the
contrast was dramatic. Schools with femazle faculty averaged 13 fermale students per school,
more than twice the average for schools with no female faculty. Though net conclusive, these
figures strongly suggest that the presence of female facuily increases participation by women
interested in pursuing an aviation maintenance career.

Work place role models are also very beneficial in encouraging nontraditioral students to

pursue under- represented careers. Many schools have prometed or estatlished close working
relationships with indusiry which may mclade work experience or cooperative education
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opportunities for students. The schools were asked if their students had an opportunity to
participate in work experience or cooperative education programs as a part of their
educational experience. About one third {34%}) of the schools reported that students in their
programs have opportunities to pariicipate in work experience or cooperative education
programs with aviation industries. Of those schools reporting such cpportunities, only 19%
reporied making any attempt to place the students in a work environment with appropriate
race and gender role models. As a result, few nontraditional students have the opportunity
to experience same-Tace OF same- gender mentors as they prepare for their chosen careor

Finally, national research on educational envircnments has reported ihat incidents of males
sexually harassing females in schools are increasing at a high rate. One study by Kane and
Frazee (1989) found that 65 percent of female high school students in nontraditional courses
reported harassment by male classmates and by some teachers. Researchers found no
evigence of sexual harassment quring site visits. However, candid discussions with female
graduates of aviation maintenance programs disciosed several instances of peer and
instructor harassment. It is important to remember that despite its frequency, sexual
harassment is rarely reported, tallied, investigated, or systematically documented (AAUW
Report, 1992).

4.4.3 Work Place Barriers

Key to retaining wemen and minorities in the aviation maintenance work place is
determining what barriers might deter these populations from completing training or
remaining in an aviation career. A survey instrument was developed and distributed by a
U.S. air carrier and the International Association of Machinists; the research team provided
assistance in analyzing the results of the survey. The focus of the instrument was to
determine the perceptions of AMTs concerning various possible barriers ts successful
employment as aircrafl technicians.

The Dbarriers were categorized as economic, physical, socigl, emotional, life
experience/education, and work-related. Respondents were asked to Gescribe the degree to
which the items listed in each category were perceived to be a barrier for women and
minorities seeking training or employment as AMTs. Barriers were assigned a value of 5 for
“a high degree;” 4, "some degree;” 3, "undecided;” 2, "a small degree:” and 1. "netl to any
degree.” In all, 65 barriers were listed for evaluation with a space for optional commenis.
The barriers were selected based on their identification by other research.rs conducting
studies with nontraditional workers (No way out, 1989, Cho, 1983; Stil1 & Stitt, 1990; Deaux
et ai.. 1984).

A toral of 242 aircraft maintenance emplovess responded 1o the survey. Analvses of the dain
were done by race and by sex. Some of the respondents did not complete ali pa

survey; therefore, there were missing data in the analyses.

Qf the toal sample, listed in alphabetical order there were 13 15.4% ) Asian, 27 (11.29% Black.
165 (88.2% ) Cancasian, 10 (4.1%) Hispanie, 11 {4.5%) Other. Sixteen {6.67%) did not identify
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their race. Of the total sample, 20 (8.3%) respondents identified themselves as Female, 216
(88.3%) as Male, and 6 (2.5%) did not identify their gender. The majority of the respondents
were male Caucasians. Females constituted less than 10 percent of the total sample.
Although the majority of respondents were Caucasian males, their responses were important
because they were asked for their perceptions of possible barriers to women and
minorities pursuing AMT training or employment. This permitted compariscn of what
Caucasian males perceive to be barriers with what women and minorities perceive as
barriers.

The factors used as dependent variables in the analyses were Economic Barriers, Physical
Barriers, Social Barriers, Emotional Barriers, Life Experience/Education Barriers, and Work-
Related Barriers. Race and sex were the only independent varizbles analyzed.

Table 4.3 and Figure 4.10 show the average responses by race for 2ach of the six categories
of barriers. The higher the score, the more often employees of that race identified the items
in that category as significant barriers to training or employment as aircrafi maintenance
employees.

Table 4.3 Average Response for Each Barrier Category by Race

Category Asian Black Caucasian Hispanic Other
Economic 2.60 251 2.51 3.06 227
Physical 2.08 1.82 2.18 2.42 2.07
Social 1.87 2.50 2.03 237 206
 Emotional 1.89 236 2.19 2.46 2.28
Life Exp./ 1.85 2.45 2.40 2.7 2.11
Education I
Work- 2.31 2.89 2.80 3.24 244
Related

It is important to note that respondents were asked to identify items that are possible
barriers to minorities. Therefore, the Caucasian responses were reporis of their perception
of tarriers for minorities, not for themselves. The Hispanic race scores were the highest in
each category of barrier items. These respondents indicated that they perceive barriers in
every category except Social more freqguently than Asian, Black, or Caucasian races. The
categories with the highest scores by the Black respondents were Economic, Socigl, and
Work-Related Barriers. The Black race response to Social Barriers was the only score higher
than the Hispanic race response. The category with the highest score by the Asian
respondents was Economic Barriers. Black, Caucasian and Hispanic respondents saw Life
Experience/Education Barriers more freguently than Asian respondents.
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Figure 4.1 Response for Barrier Categories by Respondent’s Race

Similarly, Table 4.4 and Figure 4.11 give the response among male and female aircraft
maintenar.ce employees on the six categories of barriers. The scores displayed in the table
irZicates by category the frequency that items in that category were perceived as significant

barriers.

Table 4.4 Average Response for Each Category by Gender

Category Females NMales
Economic 2.40 2.50
Physical 1.80 2.15
Social 240 2.07
Emotional 2.20 2.18
Life Experience/ 2.50 2.35
Education

Work- Related 2.28 2.70
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Figure 4.11 Response for Barrier Categories by Respondent's Gender

Work-Related Barriers were identified with the highest frequency by males as possible
barriers to females. This category also had the greatest difference in frequency between male
and female respondents. In other words, females disagree with males more frequently
concerning this barrier. Economic Barriers were frequently identified by both males and
females. Equally significant by females were Social Barriers and Life Experience/Education
Barriers. Physical Barriers were identified by females least frequently.

Analysis of Variance (ANOVA) were carried out to determine if there were differences by race
and gender on the various factors (Economic Barriers, Physical Barriers, Social Barriers,
Emotional Barriers, Life Experience/Education Barriers and Work Relaied Barriers). The
results of the analysis showed significant differences by both race and gender at the .05 level
of significance. However, there was only one category of barriers identified as significant for
race and one category for gender. The Life Experience/ Education category was identified as
significantly different (.02) by race. In other words, there were significantly differ.nt
responses among races in their perceptions of Life Experience/Education Barriers for females
pursuing an AMT career. This category of barriers included the following items among others:

Know nontraditional employees

Concern about level of verbal and writing skills
Concern about level of math and technical skills
Familiarity with tools

Solid level of seif-confidence

Time and stress management skills.

1m



Chapler Four

Work-Related Barriers was the only category identified as significantly different (.02) by
gender. Female respondents differed in their perceptions of work-related barriers from male
respondents. This indicates that males perceive more barriers than females did for females
pursuing AMT careers. This category of barriers included the following items among others:

Concern about getling a job

Concern about keeping a job

Concern about moving up on the iob

Travel requirements

Concern about working outside in inclement weather
Dislike for late shift work schedule.

The level of significance was set at an Alpha of .10 for the remainder of the analysis. An
Alpha of .10 (rather than .05) is commonly preferred when there is no control group in the
study. It should be noted that at a significance level of .05 there were only minimal
differences by gender and race.

The results of the analyses showed that there were differences among the races on Social
Barriers, Life Experience/Education Barriers and Work Related Barriers. Table 4.5 shows
the average response among the different races to the individual items in the Social Barriers
category.

Table 4.5 Individual Item Response of Social Barriers by Race

Caucasian Black Hispanic Asian Other

Communicating with peers 2.1 2.3 25 15
of the opposite sex or other
race or culture. H

o
e

Cooperating with peers of 1.9 29 2.1 1.7 1.8
the same sex, race or
culture.

Being the only person of 2.0 2.6 23 1.5 1.8
Your race or sex in a work
feam.

Hazing or baing teased by 1.9 2.1 16 i5 2.4
peers.

Avatlability to socialize with 2.0 2.4 2.5 20
peers and feeling accepted
socially by peers.

[y

Being accepted by and 2.3 3.0 29 22
feeling a part of the work
team.

ot
-

Sex or race discrimmination 2.1 3.3 2.
in training or on the job.

-1
o
-1
[
h
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The barrier items listed in Table 4.5 were significant in the ANOVA analysig. The specific
Social Barrier items that received the most frequent identification as possible barriers to
training or employment were:

Being the only person of your race or sex in a work team
Being 2ccepted by and feeling a part of the work team
Sex or race discrimination in training or oa the job.

The Black and Hispanic races reported the highest number of responses in these items. The
Asian race responded with a high frequency (2.7) on only the item involving diserimination.

Table 4.6 shows the average response to individual items in the Life Experience/Education
Barriers category.

Table 4.6 Individual Item Response of Life Experience/Education Barriers by Race

Caucasian Black Hispanic Asian UOther “

Know people who are in 19 23 a3 1.7 1.8
nontraditional jobs.

Concern about level of verbal 24 24 24 1.9 2.0
and writing skills,
Concern about level of math 26 25 2.8 18 23
and technical skills.
Familiarity with tools. 25 24 29 15 2.2

| Solid leve! of self-confidence. 2.6 23 3.1 2.0 2.0
Plaved with kids of opposite 1.7 2.1 2.0 1.2 i4
sex as a child.
Familiarity with the aireraft 26 26 33 15 2.0
maintenarice occupation.
Tin.e and stress management 2.5 2.7 3.4 18 2.8
skills.
Physical health. 2.8 23 3.2 1.7 X
Personal contacts (important 2.4 2.8 2.7 1.7 25
contacts in the fieid).
Knowledge of job openings and 2.9 29 3.0 2.0 24 |
fringe benefits.
Family or friends employed in 2.1 22 2.2 14 i6
aviation industry.
Jobs in aircraft maintenance 2.9 2.7 2.6 i8 235
reguire 2 good understanding
of math and sciernice. _ﬂ

24 21 14 1.6 !

[y
o

Had a same-sex or same-race
role model.
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There was agreement among the Caucasian, Black, and Hispanic respondents that knowledge
of job openings and fringe benefits was perceived as a possible barrier to minorities. The
frequency of response was consistent (2.9, 2.9, 3.0). Asian respondents did not identify that
item with as much frequency (2.0). Both Black and Hispanic respondents identified personal
contacts as a possible barrier with scores of 2.8 and 2.7. However, there were no other items
where there was agreement among the respondents by race as to the leve!l of significance of
a barrier item. The most obvious information to draw from this table is the high number of
items that were identified as possible barriers by Hispanic respondents. These items were:

Know people who are in nontraditionali jobs (3.3)

Concern about level of math and technical skills (2.8)
Familiarity with tools (2.9)

Solid level of self-confidence (3.1)

Familiarity with the aircrafi maintenance occupation (3.3)
Time and stress management skills (3.4)

Physical health (3.2}

Personal contacis (important contacts in the field) (2.7)
Knowledge of job openings and fringe benefits (3.6).

Table 4.7 shows the average response to individual items in the category Work Related
Barriers.

Table 4.7 Individual Item Response of Work-Related Barriers by Race

Category ltem Caucasian Black Hispanic Asian Other
Concern about getting a job. 3.4 2.7 3.8 2.5 2.6
Concern about keeping a 3.5 2.3 3.2 2.1 3.4
job.

Concern about moving up on 29 3.3 3.4 2.6 25
the job.

Travel requirements. 24 23 3.0 23 21
Concern about effort 2.3 2.3 3.1 2.3 2.4

required to succeed in a
nontraditior 2l career.

2.3

=1

Concern that most new 2.3 21 3.1 1.
labor force entrants will be
nontraritional.

Concern about working 2.4 2.7 2.9 1.9 2.6
outside or in a hangar or in
inclement weather.

-3

3.0 3.3

34

Dislike for late shift work. 3.3 3.0
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The Asian respondents identified the items less frequently than any other race including
Caucasian. There was general agreement among the races as to a dislike for late shift work
schedules and its potential as a possible barrier. Again, the noticeable information is the
high level of frequency by the Hispanic respondents to many of the items. Those items were:

Concern about getting a job (3.8)

Concern about keeping a job (3.9)

Concern about moving up on the job (3.4)

Travel Requirements (3.0)

Concern about more effort required to succeed in a nontraditional career (3.1)
Concern that most new labor force entrants will be nontraditional (8.1)

The results of the ANOVA indicated that there were significant differences among the sexes
on Work Related Barriers only. Table 4.8 gives the average responses by sex to the
individual items in the category Work Related Barriers.

Table 4.8 Individual Item response of Work Related Barriers by Sex

Female Male

Concern about getting a job. 2.6 3.3
Concern about keeping a job. 2.6 3.3
Concern about moving up on the job. 2.6 2.9
Travel requirements. 2.6 2.9
Concern about more effort required to succeed in 2.5 2.3
a nontraditional career.

Concern that most new labor force entrants will 1.7 2.3

i be nontraditional.

Concern about working outside or in a hangar or 2.1 2.5
in inclement weather.

Dislike of late shift work schedule. 2.7 3.3

Males and females in this study did not agree on the significance of Work-Related Barriers
for females and minorities. In fact, males identified every Work-Related Barrier item as
more likely to be a barrier than did females with the exception of one item: Concern about
more effort required to succeed i a nontraditicnal career.

It is important to note that males were not responding to items they found to be barriers for
themselves. Rather, they were identifying items they thought to be barriers for females. In
other words, males find these items to be barriers for females, but females say they are not
barriers. The only item agreed upon as a barrier was concern about more offort required to
succeed in a nontraditional career.
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There were some items that crossed severa:i barrier categories which women consistently
identified as possible barriers that were not identified by men. These items are also
consistently identified by females in other nontraditional careers as barriers. Those items
are listed below:

Expense of child care (2.85)

Communicating with peers of the opposite sex (2.55)
Being the only one like me on the work team (2.80)
Sex and/or race discrimination (2.90)

Need to prove self (3.0)

Biased language, jokes, pictures (2.35)

Concern about being accepted by management (2.50)
Stress/time management (3.05)

Personal contacts in the field (3.15)

Knowledge of job openings and fringe benefits (3.30).

With the exception of the figures reported in these tables, aviation maintenance personnel
do not differ significantly in how they perceive barriers to the training and employment of
women and minorities as aviation maintenance technicians. However, the barrier categories
and items that were reported in the tables provide information that can be helpful in
removing these barriers.

The aviation maintenance industry in its determination tc more evenly balance the work
force by race and gender has endeavored to seek out possible barriers to training and
employment for women and minorities. This study has shown that while women and
minorities perceive some barriers, there exists no long list of barriers. Certainly, barriers
alone are not enough ioc be the total cause of the disparity in the numbers of women and
minorities in the AMT work place.

Hispanic and Black races perceived the greatest number of barriers 10 emplovment and
training. Hispanics perceived barriers in all categories, and Blacks perceived Work-Related
Barriers most significant for their race. There is also general agreement by Caucasians that
these barriers may exist for these specified populations. Asians perceive few barriers as
compared to the other races; however, Economic Barriers were most often identified as
possible barriers for this population.

Females 1dentified Life Experience/Education Barriers most often as the mosi problematic
category of barriers. Men identified Work-Related Barriers most ofter: as barriers for females
in aviation. It is important to note that contrary to stereotypical perceptions, women do not
perceive Physical Barriers as frequently as any of the other barrier categories.

The resuits of the ANOVA indicated there were significant differences among the races on
Social Barriers, Life Experience/Education Barriers, and Work-Related Barriers. Blacks and
Hispanics identified the most Social Barriers. Hispanics identified the most items in the
Work-Related category. The results of the ANOVA indicated significant differences bv sex
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on Work-Related Barriers only. In general, males perceive nearly all Work-Related Barrier
items as possibie barriers for females.

Of course, the aviation industry cannot be held responsible for all the barriers perceived to
be significant for wemen and mincrities. Qur society as a whole must bear some of the
burden for the Social Barriers perceived by women and mirnorities. Qur families and
educational systems must assume responsibility for the entrerichment of many of the Life
Experience/Education Barriers.

The aviation industry is to be applauded for the steps it has aiready taken to encourage social
and educational change to eliminate many of these barriers. It is 2lso to be encouraged and
supported in its continuing efforts to Yook into the possibility of reducing the remaining Work-
Related Barriers.

Some specific recommendations for reducing barriers for women and minorities include:

1. Conduct workshops or training seminars for all employees in team building,
communication skills, time and stress management, and sexual harassment issues -
particularly language, jokes, pictures, and discrimination.

2. Provide a more accessible or directed method for informing employees about in-house
job openings and fringe benefits.

3. Cornduct workshops or training seminars in job-seeking and job-keeping skill
development.

4. Alert employees that there may be differences in perceptions about barriers and
encourage open discussion of solutions te possible barriers.

5. Provide all supervisory personnel with the findings of this study and provide the
avenue for them to participate fully in workshops and training seminars on the above
topics.

The aviation industry is recognized for its determination to eliminate any remaining barriers
to increase the representation of women and minorities in aviatior careers.

4.5 CHANGES IN REPRESENTATION

While parity of representation has not been established in most career fields, significant
gains in the representation of women and minorities in many under represented aviation
careers have been realized (Eiff et al., 1988). Most under represented minority popuiations
have made dramatic gains in numbers from those of a decade ago. While no historical data
exist on the levels of representation of minority populations, it is generally agreed that few
members of these populations were included in the aviation maintenance work force as
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recently as two decades ago. By contrast, the FAA has compiled data on the representation
of women in the maintenance field for several decades.

Although nc official data exist, either historic or current, on the representation of minorities
in the aviation work place, it is generally agreed ¢hat their numbers were very low two
decades ago, but the level of represemtation for all minority populations has grown
appreciably during the intervening years. While it is difficult fo determine the exact
representation of these populatic-s in the current work place, the current sindy gives
evidence that significant chan_es have occurred and that represeniation levels are
dramatically improved. As nearly as ¢can be determined, the current work force of aviation
maintenance professionals in airline careers is comprised of approximately 119 Hispanic,
12% Asian, and 20% Black workers.

The representation of women, on the other hand, remains guite low. Current estimates place
their representation at approximately 20 of sirline maintenance professionals. As mentioned
before, historic data are available for women mechanics. Although current research indicates
that women have made dramatic strides toward equal representation in aviation career fields
such as air traffic control and as flight crew professionals, the number of women in aviation
maintenance technica! fields has demonstrated litile propensity for change and remains very
iow.

A decade of proactive effort by the aviation industry, governmental agencies, and special
interest groups has resulted in increasing representation of women in many male-
monopolized aviation careers. Aviation maintenance, however, remains the slowest career
field in aviation to rezlize anyv trend toward greater representation. The most current
available FAA statistics suggest that the representation of women among the ranks of
certified mechanics remains very low. Current estimates place the number of active fernale
aireraft mechanics at 3,901. While this is 2 dramatic increase over the number of active
female mechanics of a decade ago, this number represents only just over 1% of the number
of active mechanics (airlines and general aviation, combined) in the work foree.

While the actual number of women in aviation mainienance careers rew.a2ins guite low, there
is reason for optimism about the future of women in this male-dominated field. A complex
medel for predicting the number of maintenance professionals reeded in the vears ahead was
formulated for the demographic aspects of this study. As a2 result of this model, the
anticipated levels for women could be predicted for the next severa! vears. The model's
prediction for the representation of women in zviation maintenance careers in Figure 4.12
is represented by the line extending to the year 2003. Siauistical data from FAA records for
the three most current years sirongly suggest 2 marked deviation from the predicted levels
of representation.
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When viewed from a "rate-of-change” in representation prospective (Figure 4.13), the change
in the ievel of representation of women in maintenance careers seems on the verge of
dramatic growth. As suggested by the demographic model and as realized in actual date, the
change in the representation of women in maintenance careers was relatively constant for
the years between 1980 and 1975. From 1875 to 1988, an increase in the rate of change in
this representstion was noted. Instead of the predicied steady growth. this peried
gdemonstrated a yearly increase in the rate of change in representation of women mechanics
in the work force. In the period from 1988 io that of the most current available data, there
has been & very sharp increase in the rate at which women are selecting aviation careers.
Thus, the data for the representation of women in aviaticn maintenance careers suggest that
we may be on the verge of dramatic increase In the number of women in zviaton
maintenance career fields.
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4.6 SUMMARY

The aviation maintenance professional will continue to be a valuable asset o air safery welil
into the 21st century. Modern aircraft promise to bring greater reliabilitv and
mainiainability to the aviation industry; yet, the complexity of these craft will bring new
challenges to AMTs. The aviation industry must take a proaciive appreach if it expects to
employ a competent work force which will meei equa! opporiunity stendards while
simultaneously maintaining the productivity of aviztion maintepance technicians. Through
the efforts of many individuals, learning institutions, and corporations. diversity in the AMT
work force has begun to emerge. Current legislation heips to promote these efforts; however,
much is yet to be done if true equity for both gender and race is t be accomplished
Improving diversity in the AMT work force and the relations between geaders and the
various races currently emploved as AMTSs will build a sirong foundation for improved
mainienance and furture 2ir safety.

The data collected in this study suggests that over the past several decades minorities have
made dramatic progress in aspiring to AMT careers. Females, however, are s1il] extremely
under rerresented in the aviation maintenance industry. According to one major US air
carrier, fermales currently make up approximately two percent of their AMT work force and
minorities constitute approximately 26 percen.. The lack of female role models, inadequarte
physical facilities at AMT schools, stbliminal bias by teachers counselors and supervisors,
and a general lack of career awareness comprise major barriers 10 females entering an AMT
career.
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This study points out that today’s youth are for the most part unaware of the exciting well
paid careers which exist in the aviation mainienance industry. With the liability and
security problems of today's aviation environment it is very unlikely that young people will
have a chance to explore a career in civil aviation. The changing military environment wil)
assuredly supply less publicity and {raining aimed toward aviation. These factors leave a
void which must be filled and enhanced if we hope toc have a plentiful, diverse supply of
competent AMTs in the future. Industry, AMT sc?moﬁ.,, and governmential agencies must join
together to promote aviation in a gender and race fair manner.

Currently many programs exist which are helping to improve the diversity of the aviation
maintenance industry. These programs must be amplified and used in conjunction with
gender- and race-fair role models to help reach under represented populations. Table 4.9
shows severa!l strategies which can be used io help eliminate the barriers which limit the
employment of nontraditional populations in AMT careers. The data collected in this study
suggests that women must be a primary focus group if signiﬁcan* change is to occur. There
are two simple strategies which continue to emerge as primary methods to achieve equity:
(1} promoetion of aviation maintenance as an exciting and rewarding career, and (2) improving
ihe image of the aviation maintenance professional. These strategies focused at the vouth
of America and enhanced for minorities and females will ensure a plentiful supply and
diverse work foree needed to meet the future challenges of the aviation maintenance industry.

Table 4.9 Strategies to Help Eliminate Barriers

F3

IDE.’\'TiFIED BAFRRIERS . STRATEGYTOEL I"-ﬁ’\ ATE BARRIERS

ﬁ Recruitment } » Lack of information « Increase genderirace fair ¢uireach

i {career concerning AMT careers programs

é selection; » Lack of adeguate role « Better promotion of AMT careers by maior
{ modals @ir carriers

« Increase awareness of AMT careers to
elementary and high schoo! students

Edacational { » Recruitment » Increase the number of femeale and
; » Retention minerity AMT instructors a
» Leaming environment » Promote ge‘zderfrace fair educational

practices for facuity and staff
. Impro\:e AMT school facilities to be more
ender fair
{ . E'r:p ove texts and ¢ther educ tional
materizls to be more gender’race fair
e Increase and improve femsale and minority

recruitment
Work place » Economic » Improve grantioan programs to help
» Emotional disadvantaged individuals with cost of
« Environmen:al education and tool purchases

| » Increase and improve worker and
administration awareness programs to
promote genderirace fair interactions

« Improve facilities to be more gender fair
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CHAPTER FOUR - APPENDIX

Projections of Future Need of Aviation Maintenance
Technicians (AMTs) in Civilian Aviation

Introduction

This section of the report re-examines the results of the 1991 FAA Blue Ribbon Panel
(BRP) report on Aviation Maintenance Technician (AMT) Shortages prepared as a
working paper (WP). The 1891 paper produced projections of pilet and AMT work force
needs in Civilian Aviation for the 1891-2003 time pericd were produced. This section of
the report addresses only the projections of AMT future work force needs. A re-
examination of civilian commercial pilot work force projections is beyond the scope of this
project.

The re-examination of future AMT work force needs was called for in response to
questions from aviation officials, union leaders, arnd others about the large shoriages in
AMTs proiected in the 1991 working paper. The 1991 working paper states "numerous
sources predict that there will be a need for 100,000-120,000 AMTs by the vear 2600. This
number is based on the current number of technicians combined with new positions related
to new aircraft and increased attention io continuing airworthiness of older aircraft.” The
1991 report projects the shortage of AMTs to be between 55,000 and 85,000 new AMTs by
the year 2000. Many felt that the shortfalls were %00 large; others, that the projected
shortfalls were too conservative.

The shortages projected were accompanied hy supporting information and arguments that
seemed to provide a rationale for the expected large shortfalls. In the report, the projected
decline of the population in the 16-24 and 25-34 age groups by the year 2000, a declining pool
of potential AMTs coming from the milijary, a low retention rate of AMTs in the aviation
industry (only 45% of AMT school graduates remaining in aviation after 2 years), and other
reasons zre offered to explain why the supply of AMTs is not expected to keep up with
demand. All of these reasons and rationales focus on ihe supply of AMT work force into the
aviation industry. However, the BRP report does not offer specific yearly projecticns of AMT
work force supply to sccompany their detatled yearly projections of AMT work force demand.
As a result, the precise yearly projected shortages remain unclear.

This study examines the working paper’s projection of AMT work force need. The projections
are recalculated using much of the original study's methodology but with some variation
where the assamptions of the criginal projections have been guesticned. This study also
offers yearly projections of work force supply using data that was not used in the BRP study.
This study projects supply by using FAA data on estimated active AMTs reported in the FAA
Statistical Yearbocks. The vearly projections of AMT work force supply and demand can be
compared to produce projected yearly shortages or surpluses.
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Projection of AMT Dermand

The projection of AMT demand by civilian aviation in this study follows the general
assumptions and definitions used in the BRP study, with severazi exceptions. These
exceptions are pointed out in the following discourse on how the working paper’s projection
methodology compares with this study's methodology. Using the definition of AMTs from
page 6 of the working paper, an AMT in this study is defined as "any person who works to
maintain an aircraft, aerospace vehicle, or component thereof in an airworthy condition.”
Thus, an AMT performs daily mainienance work to keep the civilian airfleet flying efficiently
and safely. AMTs perform tasks from line maintenance t6 airframe modification.

WP Projections of AMT Demand

In the WP report, the projection of AMT demand revolves on several fundamental
assumptions and pieces of information. Future AMT demand was argued to be closely tied
to changes in the civilian airfleet, i.e. as the number of aircraft of various types increases or
decreases, demand for AMTs would be affected. Projections of the number of aircraft in three
areas of civilian aviation (large jet-commercial, commuter and genera! aviation) were taken
from the FAA Aviation Forecasts report (Feb. 1892) which covered the yvears 1952-2003. The
methodology for these projections is reported in the 1992 FAA report. The WP study
combined estimates of the number of aircraft with assumptions concerning how many AMTs
are necessary to service each class of aircraft project of how many AMTs are needed to service
the airfleet in any one year. The large jet-commercial class of aircraft (which is composed of
commercial 2, 3, and 4 engine narrow body and wide body turbojets} was assumed {o require
an average of 14 AMTs per aircraft for maintenance. The commuter class {which includes
2 and 4 engine turboprop; 2, 3, and 4 engine piston; and rotary wing turbine aircraft) was
assumed io reguire an average of 4.2 AMTs per aircraft for maintenance. General aviation
aircraft (which includes I engine, 2 engine, and other pision; 2 engine and other turboprops;
pision and turbine rotary wing; 2 engine and other turbgjet; and all other aircrafl) was
assumed to reguire an average of .15 AMTs per aireraflt for maintenance. Maltiplving the
rumber of aircraft projecied by the number of AMTs needed for maintenance per aircraft

produces vearlv projections of the number of AMTs needed to maintain the entire feet.

A fourth category of AMTs was alse included in the WP study's projection of AMT need. In
the WP projection table, the category "Other” was included. The "Other” category included
MTs employed outsicde of aviation maintenance, but within aviation. The other category
included AMTs emploved in manufacturing, at repair stations, and as federal technicians.
In 1988, the base year, it was deduced that about 43,000 AMTs were employed in the "Other”
category. The WP report assumes a 2% yearly growth in "Other” AMT employment.

Of course, the AMT workforce is subject 1o atirition due 10 a variety of causes, including
retirement, death, transfers, and leaving aviation employment. In the WP report, a2 7 percent
attrition rate was assumed for large jet. 20 percent for cornmuter, and 10 percent for general
aviation AMTs. As jobs become available in large jet and commuter aviation, a number of
transfers between the classes of aviation were anticipated. It was assumed that 60% of
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commuter attrition and 20% of general aiation and "Other” attrition were transfers to large
Jet aviation. It also assumed that 10% of general aviation and "Other"” attrition were
transfers to commuter aviation.

A rough estimate of the number of net vacant positions in each class of civilian aviation is
calculated by subtraciing the number of transers into the type of aviation from the vacancies
created due to attrition. For example, in the WP report, there were 2538 large jets in 1980
which yielded 35,532 jobs (2538 X 14). Attrition, which was 7% for the vear, yielded 2487
vacant positions (35532 X .07). There were 1812 transfers .into iarge jet mairtenance from
other aviation employment. Thus, afi~r taking transfers into account, there were 575 (2487 -
1912} net vacant positions in large jet maintenance in 1580.

The WP report’s procedure yielded projections of total AMT jobs in aviation maintenance for
each year, as well as estimates of the total of net vacant positions in each year. The reader
is directed to the WP report for a detailed summary of the findings.

Projection of AMT Demand in This Study

As stated earlier, the projection of AMT demand in this study follows the WP study's
methodology, with some exceptions. One change is that this study does not use FAA
projections of the number of aireraft reported in the February 1992 FAA Aviation Forecasts
document. This study employs a different projection methodology than that used in the FAA
Aviction Forecast. This was done 1o provide an independent confirmatien of the projections
of aircraft numbers. This is important since projected AMT demand relies directly on the
aircrafl projections.

The projection of the number of each type and class of aircraft uses FAA data on yearly
estimates of each type of a;z‘cra:: In the FAA Stctistical Yearbooks, estimates of the number

of 2, 3, and 4 engine wurbojets; 1, 2, 3, and 4 engine piston; 2 and 4 engine turboprops. and
pis'zon and turbine rotary wing aircraft are available for each vear back 1o 1958, Using the
1858-1882 time series of data for each aircrall 1ype, projections were made through the vear
2003 using the Box-Jenkins time series analysis technigue. This procedure examined a
variery of long-term time series models 1o iden:ify which particular time series model best
fits 1}29 1858-1989 dawa. it t;.eu used the model that best fits the data to produce tne

projeciions throvgh 2003, Gf course, 2 different time series mode! may it each time series
fdaz. For exaﬂapie as will be seen in the a; h-i}‘l“s. some aireraft ivpes show systemale
increases and some show decreases across time. For other aircrait types, the change 1is

cvelical, e.g., increase, decrease, then increase.

The results of the time series analyses of FAA aircrafl estimates are reported in Tables 4A-1
through 4A-3. Table 4A-1 gives estimates and proiections for large jets. Estumates 'm(‘
proections for commuter airera’ are given in Table 4A-2. Table 4A-3 gives estimates an

paajecuoz\:. of ge*zera. aviatien aireraft. These tables gll give es *m:me:: for 1880 o 2003. The
numbers of aircrafi for the vears 1980-1889 are estimntes derived from the best fitung Box-

Jerkins time series mode! while the numbers of aircraft for the years 19802 "f" are

1Z29
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projections based on the best-fitting models. Again, it is important to emphasize that these
numbers were generated by time series models which analyzed FAA data on aircraft numbers
of each aircraft type from 1958-1989 to establish long-term trends in the increase or decrease
of each aircraft type. These estimates and projections of aircraft numbers serve as the basis
for projecting AMT demand.

Table 4A-1 Estimated and Projected Number of Commercial, Large Jet Aircraft’

4-engine 3-engine 2-engine Total Large Jet

80 437 1358 751 2538
81 397 1336 847 2630
82 364 1414 939 2717
83 346 1434 1061 2841
84 338 1451 1204 2093
85 337 1481 1362 3180
i 86 360 1485 1538 3383
87 376 1484 1715 3575
88 389 1490 1864 3743
89 412 1500 2005 3917
90 427 1485 2110 4032
91 437 1505 2295 4237
92 452 1510 2342 4304
§ 93 462 1515 2359 4336
94 467 1521 2511 4489
95 471 1529 2587 4597
96 472 1537 2772 4781
97 475 1552 2933 4960
98 481 1562 3149 5192
a5 484 1574 3311 5366
00 48. 1582 3429 5494
01 489 1557 3579 5665
02 492 1608 3716 5817
03 496 1822 3812 | 5930

'Projections and estimates based on FAA estimates taken
from the FAA Statistical Yearbooks.
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Table 4A-2 Estimated and Projected Number of Commuter Aireraft!

Piston Turbo-Prop Rotary Wing Total
4-eng 3-eng 2-eng 4-eng 2-eng Turbine Commercial
1980 58 0 419 93 521 3 1094
1981 62 0 513 g9 841 4 1318
1982 60 o 491 104 71. 5 1373
1983 53 o 497 107 788 7 1423
1984 44 2 436 106 880 7 1475
1985 42 4 410 103 968 6 1531
1986 39 4 374 102 1068 8 1595
1987 36 3 359 99 1174 e 1680
1988 38 3 341 97 1271 7 1757
1989 35 3 328 98 1315 8 1787
1850 36 5 303 396 1367 8 1815
1921 36 4 298 94 1439 7 1878
1992 34 4 289 S6 1493 7 1923
1993 30 3 281 97 1544 8 1965
1994 29 5 273 G8 1619 8 2032
1895 27 4 267 99 1689 g 2095
1996 23 4 261 10% i741 9 2139
1987 21 3 259 102 1773 2] 2167
1998 20 3 254 103 1787 11 2188
1999 17 3 251 105 1827 11 2214
2000 17 3 247 107 1867 i2 2253
2001 15 2 243 i0e 1897 12 2278
2002 i3 2 231 108 0929 11 2294
2003 11 2 227 107 1964 11 2322

'Projections and estimates based on FAA estimates taken from FAA Statistical Yearbooks
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Two things are worth noting about the estimates and projections in Tables 4A-1 through 4A-
3. First, when one considers the projections for each of the three classes of aircraft, the
projections of this study do not substantially differ from the FA4 Forecasts. This can be seen
by comparing the numbers in Tables 4A-I through 4A-3 with Tables 15, 20, and 21 in
Chapter X of the FAA Aviation Forecasts (1992-2003) document. Second, there are
substantial differences in the two sets of forecasts for some particular types of aurcraft. For
example, the projections of this study forecast more 3 engine turbojets and fewer 2 engine
turbojets than does the FAA study. These particular differences in estimates and projections
may be important in other contexts. However, since only the projections and estimates for
three broad classes of aircraft are used to project AMT demand, the differences in the
projections for particular types of aircraft are relatively unimportant in the overall context
of this study.

A second major departure from the WP study's methodology is that assumptions concerning
the number of AMTs necessary to maintain each class of aircraft are re-assessed in light of
comments and criticism from a variety of sources in civilian aviation. Most thought that the
assumptions of 14 AMTs per large jet, 4.2 AMTs par commuter aircraft, and .15 AMTs per
general aviation aircraft were unrealistically high. The sources' estimates ranged from a
high-end which reflected the WP assumptions to a low-end which was about half the level the
WP assumed.

In response to these questions, varying assumptions concerning the number of AMTs needed
per class of aircraft were employed to estimate and project AMT demand in civilian aviation

One set of projections was made using the assumptions of the WP report, i.e. 14 AMTs per
large jet, 4.2 per commuter, and .15 per general aviation aircraft. Two additional seis of
projections were generated. The first assumed 10.5 per large jet, 3.15 per commuter and
.1125 per general aviation. The second assumed 7 per large jot, 2.1 per commuter, and 075
per general aviation aircraft. These three sets of projections and estimates are presented in
Tables 4A-4 through 4A-8. Each table presents projections based on a different set of
assumptions concerning the number of AMTs needed per aircraft for maintenance.

The projections in Tables 4A-4 through 4A-6 employ the WP study’s assumptions concerning
attrition and transfer rates, as well as the size and growth of the "Other” category. The

ther” category -- AMTs employed ocutside of aviation maintenance -- includes AMTs
employed in manufacturing, at repair stations, and as federal technicians. The WP's
assumptions in these areas are recognized to be somewhat arbitrary; but, in the absence of
better or contradictory information, there are no compeliing reasons to change them. The
specific assumptions are the following. The attrition rate for all causes among large jet
workers is 7%, 20% for commuter AMTs, and 10% for general aviationt/ Other” workers. The
transfer rates are that 60% of commuter attrition plus 20 general aviation/'Other” atirition
are assumed to be caused by AMTs transferring to iarge jet maintenance. Transfers into
commuter mainterance account for 10% of general aviation”Gther” attrition. Finally. it was
estimated that 43,000 AMTs were employed in the "Other” category in 1988 ‘base yvear} and
that this number grew by 2% each year. The 2% growth assumption is pegged to an assumed
2% annual economic growth.

[
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Table 4A-4 Additional Aviation Technicians Needed by Year

Large Jats Net Corr.muhr;

Year Argratt Techrcians Afimon Trlnslersl Vacant Aurcratt Techniciens Annhon‘ ‘hansiers’
1880 2538 35532 2467 14z 575 1094 4585 ol 680
1881 1630 26820 2577 2047 530 13ig 5540 1108 691
1882 2717 38038 2663 2004 569 1373 5767 1153 70
1563 2341 38774 2754 2136 848 1423 5877 1185 709
1982 2992 41802 2833 2182 153 1475 6165 1238 715
1985 3180 £4520 31186 223 88% 1521 8430 1286 730
1986 3383 £7362 3315 2217 1038 1505 6504 1340 737
1587 3575 50050 3504 2332 Iz 16580 7058 1411 742
1988 3742 52402 3568 2338 278 1757 7379 1476 752
1989 017 54838 3838 2413 1421 1787 7505 1501 758
1950 4032 S6448 3851 2448 1503 1815 7623 1252 766
193 4237 53316 4152 2457 1655 1878 7888 1578 775
1932 4304 680256 4218 2536 1682 1923 8077 1615 782
1983 4336 30704 4249 2877 1672 1965 8253 1651 1493
1994 4455 62986 4409 2630 1779 2032 B534 17G7 803
1895 4597 64358 4505 2684 1821 2085 8799 1750 a1z
1896 £761 66534 4685 2728 1857 2139 B9B4 1797 825
1997 4960 68440 4861 2764 2097 2167 101 1820 536
1998 5102 72688 5088 2799 2289 2188 8190 1833 B4R
1999 5366 75124 5259 2840 2419 2214 02e5 1860 867
2000 5434 76916 5354 2684 2500 2253 8463 1883 874
2001 5665 78310 5552 2823 2629 2278 2568 914 887
2002 5817 B1438 5701 2958 2743 2284 863% 1927 S0t
2003 5630 83020 5811 3000 2811 2322 8752 1850 B15

1 B
Net Gareral Aviaton Combanad Tetal Added trom Total Net Tola:

N win othe['
Year Vacant Aircratt Techncans Ot Attrtion Technans Last Year Vacant ATigion
Poghans

1580 239 208918 31338 36670 6801 108135 7615 10207
98¢ 417 211325 3168% 37402 621G 111463 3328 7857 T059%
1952 452 21308) 31859 38152 751 113516 2453 B2&: 10827
1582 455 213456 3202% 38814 7084 116680 2774 8228 1073
984 52¢ 214886 32233 39693 7153 120022 2332 8563 1365
1985 (123 218420 32463 40487 7283 $239CC 3878 =21 11587
1586 603 215819 32373 41207 1367 127731 383« 9O0E 12022
1887 658 214240 32136 42140 7428 131582 365 9288 12347
H 1938 724 214479 3z7e 23000 7817 134553 337 8520 12661
1989 742 213245 31587 43860 15885 13815C 3237 8743 12925
1390 755 212601 31830 44737 7 140638 2508 9975 13159
199+ BO3 212610 31892 45631 1732 144729 4037 15217 13487
1852 832 211338 31793 46543 7833 146667 1838 10327 13666
1923 858 212174 31826 47473 7930 148256 1569 TGaET 13830
¢ 1994 S04 212352 31853 LB422 BC2E 157795 353a 0T 14122
1895 e 1) 213267 21990 45350 8138 154537 2787 ek 14402
1996 872 213979 22067 SG377 8247 158307 AR5 1M1TE 1472Q
567 948 214808 e 51354 536 16214€ 37Le RAL =y 15040
1895 990 216056 32408 5241 8482 165687 £53%1 11619 *5H408
1989 o8 218127 32ne 5345¢% 36°8 17060: 34 12635 15737
2000 g 215340 32901 54528 8743 173808 jcaby 12262 50T
20 1027 22C708 33106 53618 8872 177602 3764 12528 1633%
2002 1026 222505 e | ss730 8311 181178 3877 12797 16639
E 2003 1035 224365 35855 57564 g157 184294 331 12638 16913

14 techricans per aircratt
50% of commuter attnion + 20% General Avation Oiher attenon
L20% per year tor all Causes
15 1echmaans per swciat

Base ysar 2B - assumes 2% anhual growth  Incluces manufact, ng. repar Stators, lese: 3i lechnigrans,
109, per year for all causes

'_7% per year for ail causes
K 2tzchricians pa' asorat
10% of T snetai Aviation Other anntcn
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Table 4A-5 Additional Aviation Tichnicians Needed by Year

Large Jets Nat Cmr;
Year Arcratt Technciang .i.l‘lr'mcm2 Transl'ers’ Vacant Arcraft Techniclsns M!Iion. Trmsflm‘
1880 2538 26548 1885 1817 Z48 1094 Mss &80 602
1581 2630 27615 1823 Ly 211 1319 4155 831 512
1982 2717 28529 1957 1761 226 1373 4325 855 &1
1883 2841 25831 2088 1706 282 1423 4482 856 629
1584 2983 31427 2200 1855 385 1475 4545 [~ 639
1385 3180 33250 2337 875 451 1531 823 %85 =2 1]
1906 3383 35522 2487 1915 572 1585 5024 1005 &5
1887 3575 7538 2628 1560 68 188G 5202 1058 52
1588 37423 35302 2751 2007 T84 1757 §535 1107 &7
1984 7 41129 2879 2033 846 1787 5629 1126 878
1980 4032 42336 2964 2058 05 1815 8717 943 887
1591 4237 44489 3114 2131 1013 1878 5816 1183 686
1852 4304 45192 3168 2135 1028 1922 8057 1211 704
1993 4338 45528 3187 2%70 1017 1865 €150 1238 713
1954 4493 47240 3307 2214 1093 2022 5401 1280 723
1935 4537 48269 3379 2260 11 2005 6529 1320 7
1896 4781 50201 3514 2208 1218 213 £738 1348 745
1687 4980 5208C 3646 2330 1216 2187 6825 1365 755
1998 5192 54516 3153 2361 1455 2188 6892 1378 767
1999 5366 56343 3984 2337 15857 2214 &574 1385 T80
2000 5494 57687 4038 2435 1603 2253 7087 418 T2
2001 5e65 50483 4154 2470 1664 2278 TS 1435 B80S
2007 £a7 61073 4275 2502 1773 2294 Tees T&ds 818
2003 5030 &2265 4356 2540 1319 2322 7314 1453 831
:
Net Generai Aviatgn Combuned Totat Added from Totai Net Tetai
\ with cthey
Yaar Vecant Acrcraf Techncwns Other Astrtion Techreans ias! Year Vacant Attrton
Postions

1880 87 208918 23503 38670 a7 90268 6362 8571
1581 219 211325 23774 37404 6118 2048 2680 6548 8BR2
1982 244 213061 23968 38152 5212 94575 2027 == P74
1983 267 213438 24018 28914 6293 B7245% &M 6852 8277
1954 230 214886 27175 39682 £337 102941 5596 7042 9516
1985 317 216220 24347 AO4B7 6483 05047 2106 7e61 97858
1986 348 215819 24273 41257 6555 106122 1075 7473 10050
1987 386 214240 2402 42145 5524 108072 2050 7888 10310
1988 435 214479 24128 43000 8713 111965 2854 78393 10571
1933 47 213245 23950 438560 8735 114608 2642 8078 10780
1990 456 212601 23918 44737 &8585 116708 2100 8225 0972
193 487 21280 23919 45631 6955 118955 24T 8455 11252
1882 7 213938 23843 46543 736 121635 1850 8574 11413
1893 525 212174 2387; 47473 7134 123081 428 B&TE 11559
1854 857 212352 23890 48422 7231 125003 2942 8381 11818
1935 585 213287 23353 AG390 738 12825% 2248 3 12037
1556 803 2133979 24073 5037 Fass 13138 31 9254 12307
+£37 840 214808 24166 51384 7555 134855 sy S48 12566
1998 &n 216056 24306 52411 7572 138126 3269 3738 12886
1999 §15 218127 24835 53455 7800 141318 3150 (eetld 13189
2000 827 213340 24576 54528 7320 143985 2673 10180 13378
2001 630 220708 24830 55618 8245 147087 3059 10385 3544
2002 8527 222508 25032 58730 8176 150067 2980 10578 13856
2003 832 224366 25241 57856« 8341 152684 2617 10782 14132

12 5 techmicians per aucra’t
50% of commyter afinbon « 20°, Geereral AviatiorTCinar anrdon
20% per year for al canses
_ 15 taghrizians. per awcraft

Base year 1385 - asswrmes 2% annual growth  includes manulacturing, repar stations, fede:al tachmimans

*0% par year tor all causes

;Tﬁ. per year 'or ali causas
315 techmimans per arcraft
10% of Genarai AviabanOther atrdon
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Table 4A-6 Additional Aviation Technicians Needed by Year

Large Jets Nm Ceﬂw.:‘..m.
Year Aurcraty Techmgsans Al‘lrl!len: Tlmslefs) Vacan! Acrcrafl Tachni-mns A.'.'irimﬂ‘ Tmhsfefs‘
1980 2538 17765 1244 1322 78 1004 2297 459 523
198 283C 18410 1289 1397 168 1318 2rre 554 533
1382 2717 19015 133 1428 -38 1373 2833 ¥ e 541
1883 2841 18887 13582 1457 =8 1423 2988 588 545
1984 2993 20851 1467 1483 21 1475 3008 8620 558
1985 3180 22250 1558 1820 38 1531 3215 643 557
1986 3383 23681 1658 1522 & 1585 feicsd 79 &7
1987 3575 25025 752 1584 164 16350 asz3 706 582
1985 3743 26201 1834 1625 208 1757 3580 738 58
‘989 3917 27419 wig 1548 FEal 1787 3753 751 580
1990 4052 28224 976 1571 305 1333 3812 782 807
1993 4237 20659 2076 1705 X gl 1878 354 788 818
892 4304 30128 2106 1734 375 1823 4538 803 674
1883 4336 L2 2125 1783 382 1965 4127 825 834
1994 4495 31483 2205 1783 406 2022 4257 853 L]
1995 4557 32179 2253 1836 a7 2055 £400 83C £54
1996 £731 33eE7 2343 1887 &£78 2133 4452 858 654
1997 4360 34720 2430 18598 534 2167 £551 1 &75
1398 5192 oo 2544 1924 820 2188 4595 818 658
1996 5366 rse2 2629 1954 &7% 2212 4643 830 658
2000 5434 38458 2692 1557 705 2253 4754 S5 70
200 5665 29855 2776 2048 758 2278 4754 57 22
20C2 £&817 £5719 £85C o4E } Boa4 2254 4317 963 734
2003 £93C 41510 2908 2078 ! 827 2322 4875 875 747
Net General Avaton Comined Tota! Aondea fram Total Net Talal
o with other
Year Vacant Aro-aft Techncans Orner Anrfon Teachricans Last Yea: Vacar: Agtrdon
Pogtons
1983 54 208816 13569 3BE70 5234 72452 5092 27
198 21 211325 15645 37404 5325 THAS3 2031 5258 7188
1882 35 213061 15550 3182 5413 76004 160 53g: 732t
19835 &8 213435 16012 38912 5483 IR0 1787 5477 TASS
198e &2 214885 16118 39653 5581 73858 2057 5822 7658
1985 H 27622 18232 40487 5672 82134 2538 78S 7873
1988 85 215518 16156 £1297 743 88514 4320 5848 8076
1967 124 214225 18088 42140 5R21 BETE 2&T 108 B2TS
1888 147 218473 16086 £3000 5308 88377 16 e85 Sag
1980 152 213245 15853 43560 5§85 81025 2048 &LG8 5558
1980 155 21260 15845 £3737 B0E8 $2718 1583 8528 £556
195+ 173 2126810 15848 45631 8158 95180 2462 L-iperd 8022
1532 184 219838 18898 46543 [e0 ¥ 95504 1424 5303 D51
1943 19+ 21277a 15913 47473 5338 $7T385 125 8352 2283
1934 209 212352 15226 482422 B4A3S 100108 el ] TOEC S453
1995 225 213287 13995 45380 €535 123156 1858 7182 2572
1956 234 213979 16048 83577 £543 104384 24 TISE 9554
1897 235 214808 1801 51354 ET48 108766 2382 TRIE TO0ES
1958 233 218036 16204 s2411 gage 12955 2788 7745 10325
1995 232 218127 16340 83458 6952 112136 2548 7385 1054
2000 236 213340 15453 53328 7008 1HR1EE 2068 8238 WG
200 235 Z20T08 16553 55618 7297 115640 2442 azsc | mesd
2002 220 222538 16635 56730 7342 +18954 rat Tl 8375 § ARRE-3
i§ eocs 228 224366 15827 57854 765 129077 2123 ss24 | 11350
T iecrmigiars per argzalt ;7\ pe: yasT IoT Bl CRUSES
E0% of commuler attrihion « 204% Genera AvatonCthes attition £ 1lechn.oans per arcral
20% per year tor all causes 10% of General AviatonvOiher gintion

L 075 techminians per arceaht
Base year 1958 - assurmes 2% antuat giowtn  Ingl.des manutaciuTang, repar starons, ‘ederal lechnitans
10% per year for ak causes
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Results of Demand Analysis

Tables 4A-4 through 4A-6 give the resuits of the analyses of AMT demand in civilian
aviation through the year 2003. To a4 the reader in understanding the informatior and
caiculations presented in the talles, it is useful to work through an examyple. In Table 4A-4,
consider the row of information and calculations for 1893, In column 1 is reported the
projected number of large jets for 1933 (4336). Assuming 14.2 techrnicians are needed io
service each larye jet -- yields column 2 -- the number of technicians needed to service large
Jets {4326 X 14 = 60704). Ir the third column is the estimated atirition for iarge jet
iechnicians (80704 X .07 = 424928}, i.e ithe number of iohs that will become available due
to attrition. In the fourtk column is the estimated number of AMTs iransferring to large je:
maintenance from other aviatiorn maintenance jobs. It is caleulated as 60% of commuter
attrition plus 20% of general/'cther” aviaiion (.60 X 1651 plus .20 X 7930 = 2577). The Net
Vacant column is the difference between available jobs and iransfers (4249 - 2577 = 1872.
The same general procedure is followed for commuter and general aviation/ Other”
calculations. Since it is assumed that general aviation™other” jobs represent entry level
positions (BRI’ assumption), no estimate of transfer into general aviation/other” is made.
Rather, the attrition number represents available jobs in generzl aviationother” which are
ultimately filled by newly certified AMTs.

The final four columns of Table 4A-4 present some summary measures. Again, for 1893, the
Total Technicians column represenis the number of jobs available in the three classes of
civilian aviation {80704 (large jet} + 8253 (commuter) + 31826 {general aviation} + 47473
{other) = 148256.. The next column is the number of jobs added during the year (148256 -
148667 = 1589). The Net Vacant column is 2 summartion of the net vacant jobs in the three
aviation classes (1672 + 858 + 7930 = 10480). The fina! ecolumn sums atirition across the
aviation classes.

Table 4A-4 gives projections using assumptions identical 1o the W report. The resulis are
quite similar to those reported to the DOT's Biue Ribbon Panel. The differences are due 0
the different projections of the number of aircraft used in each study. The 1wo columns of
interest in Table 4A-4 are the Total Technician and the Added from Las: Year columns. The
Total Technician column is a projection of AMT demand ir aviation. The Added column is
a projection of job increase in aviation. The Vacant Position column is not of particular
interest since this report uses a direct measure of AMT supply. ln a later section, projecuion
of AMT demand (from Tables 4A-4 through 4A-8) are compared 1o projections of AMT
supply. It is on the basis of a table similar 10 Table 4A-4 that the WP report projecied &
future shortage in AMTs.

'

Tables 4A-5 and 4A-6 give projeciions computed similarly 1o those 'n Table 4A-4. However.
Tables 4A-5 and 4A-6 zre based on somewhat different assumptions than Table 4A-4. In
Table 4A-5, the average number of AMTs needed 1o service each class of aireraft were
assumed to be 10.5 per large Jeis, 3.15 per commuter, and .1125 per general aviation” Other”
aircraft. In Table 4A-8, the assumed AMTs per airerafl were 7 per large jeis, 2.1 per
commuter, and 075 per general aviation/"Other”. As can be seen by comparing the Total
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iobs would adiust these assumptions. I anvilung. the pereeniange releniion i av:

Technician and Added Jobs columns across the three tables. it is obvious that the differing
assumptions produce signiificantly reduced projections of AMT demand.

Projection of AMT Supply

The FAA publishes estimates of the number of active AMTs in its Statistical Yearboks.
Estimates of active AMTs are available from 1958, Separate estimates are availabie for
females. The FAA estimates include all those who are employed in the various componanis
of aviaiion, plus those who hold certification but who are no longer active in aviation. Itis
assumed thati the FAA esiimates adjust yearh‘ for newly certified AMTs, as well as for
retirements and deaths. This time series of data can be subjected w the same time series
analysis used earlier to project active AMTs to the year 2003.

Table 4A-7 gives the resulis of such a time series analvsis. Column 1 reports the FAA
Statistice! Yearbook estimztes of AMTs for the 1858-1888 period. Column 2 estima‘es and

rojects figures for active AMTs generated by a Box-Jenkineg time series model for the 195Q~
2003 period. In column 3 are the vearly increases in AMTs. Column 3 clearly shows that
the su;,pi} of AMTs Lends to foliow a 10 vear cyclical pavtern. Roughly every ten yvears ihere
is 2 sxgrmcanz increase in AMT production. More will be said aboui this petiern in ihe
discussion of Table 4A-8. Column 4 contains FAA estimates of active female AMTe. In
column 5 are estimated and “rojected numbers of female AMTs which were generated by a
time series model. The fem:le AMT model is clearly not as cvelical in nature as the total
AMT model.

Since the concern in this study is only with AMT demand in civilian aviation, the projecied
numbers of AMTs in Table 4A-7 will have 1o be adiusted 1o account for the fact that the
majority of certified AMTs are not emploved in ¢ivilian aviation The WP report provides
some information on which 1o base an assumption concerning the percentage of active AMT-
employed in aviation. On page 7 of the WP report, it 15 stated that less than 4500 of 10000
graduating AMTs can be found in U.S. aviation 2 vears later Inan August 11, 1892 memo
to the Biue Ribbon Panel from Phaneul Associates Incorporated. it was estimated that 43
percent of entry level AMTs went directly 1w jobs in aon- av iation indusiries. Thus, any
assumption concerning the percent of AMTs employved in aviation is somewhat su ’h*e"“‘;e
As a resull. two different assumptions are used in this rem.t o esumate AMTs active in
aviation. These assumptions are generally consistent with those reporied 10 the BRP. The
two assumptions are that 40 and 45 pereent of :“C\I'T‘a remaln active 1 aviation -XG:E‘I“ these
assumptions are only loosely empirically based  Betler informintion on *eienim ninaviainn

1s probably lower than 40 percent. These .;unﬂb& rs reflect what many i the anation o :
point 1o as a significant ,)*ub‘?. n, v AMTS ieave oviation maintenance Jobs seeking mure

=

conventional hours, better working ¢ 'onmfvond. ang better poy. A}qo given 1he incrensing

=

volatility of the comm 1ai aviztion irdusiry, Job security of avianen emplovees has suffered.
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Table 4A.7 FAA Estimates and Time Series Projections of Active AMTs

Estirmated Propcied Addad From Estimated Projecied Addad From
Actve AMTs Actve AMTs fast Year Active quaaie Actve Fnzznale Last Year
AMTs AMTs
1958 17072 167932 - i3t} 118 -
1859 113520 112323 439 119 116 T
1960 115638 115425 3102 12 120 4
1961 118889 19000 3875 17 125 5
1582 122160 122323 3323 137 134 I
1963 124945 126285 3932 141 148 i4
1954 13013 130677 /422 1&8 164 16
1965 1358351 1358588 £882 182 178 iB
n 1566 140799 142273 6654 157 194 18
1967 146572 150330 8117 186 204 10
1958 158251 150182 9580 223 238 34
1569 170716 170888 104588 289 263 25
1970 184547 81713 11025 302 284 3
1873 183235 188739 7026 322 30S =]
1872 21700 1843656 5629 3435 314 g
y 1573 193337 198526 4158 284 325 12
1974 198553 202327 32 318 348 20
1275 205436 205141 3814 360 377 31
1575 212303 213222 7081 422 |40 &3
1977 220768 220872 7750 55 £18 78
1678 228743 208915 8544 00 822 106
| 1978 2378173 235958 10083 835 T48 126
, 1S8C 250157 251320 11340 890 807 58
1881 262705 283249 1101g 1051 1385 iTE
1982 277436 278278 15029 1288 1278 191
1883 288335 28O 1543 483 1455 17%
1984 288028 285428 4307 1849 1835 81
1885 27400 288378 3548 1778 1824 188
1285 284241 283193 4817 1954 2038 214
1987 2597178 297278 4055 2237 2218 180
1888 312418 310418 13140 2365 2545 327
1989 - 323877 13258 - 2768 224
15690 - 3345866 10682 - 2927 158
Qi 1891 - 344535 288¢ - 3138 212
1992 - 35350 2963 - 3427 288
1953 - ISZTHZ 3ES8 - 3728 1
! 1954 - 3E2098 4896 - 3522 94
I 1885 - 3B5TSE 3558 - 3107 85
1956 - 368454 2658 4203 96
1587 - 373108 4682 - 4458 266
15838 - 381002 7896 - 487z 203
1999 - 389825 83923 - &TES 111
2000 " 395355 10025 - 4872 83
2001 B 211208 11258 - S427 555
2002 - 421058 9547 - £I73 348
2003 425353 2208 - 5983 210 §

[

Sstmales ae taken from FAA
“Tima sones estmates and projections based on FAA estimztes

Siansucal Yearbooks
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Table 4A-8 gives the projected number of active aviation maintenance technicians (AMTs)
for the 1980-2003 period. In column 1 are the estimated and projected numbers of active
AMTs generated by a Box-Jenkins time series model. In column 2 are the numbers of AMTs
being added each year. As was commented on earlier, there is clearly a cvciical pattern in
the production and certification of new AMTs. Roughly every ten years, there is 2 two or
three year period marked by significantly higher AMT production. It also should be pointed
out that this cyclical pattera oceurs in the FAA data on active AMTs {see Table 4A-7). Why
this cyclical pattern occurs is open to conjecture. There are any number of possible
explanations. The pattern could represent variations in the production of AMTs by the
schools. It could represent varying availability of potential AMTSs coming from the military.
It could also represent some cyclical pattern of retirements within the industry. What is
most likely is that aviation maintenance schools ternd to react to the volatility of the aviation
industry, i.e. as aircraft orders increase with short-term expansion in aviation, schools react
to perceived increased demand, and so on.

Table 4A-8 Projected Number of Active
Aviation Maintenance Technicians (AMTs) 1980-2G03

r-‘.
Year Estimated | Added from | Estimated AMTs Estimated
# last year in Aviation’ AMTs in
Aviation®
1980 251330 11340 113699 1006532
1983 263249 11933 118462 105300
1882 2782578 15025 125225 111311
1983 280121 1843 | 126054 112048
1984 284428 4312 127993 113771
1985 288376 3948 129769 115350
1986 263193 4817 131937 117277
1987 297279 4088 133776 118912
1988 310419 13146 135689 124:68
1584 323677 131238 145655 128471
19860 3346686 14989 1503989 133866
1591 344535 G869 155040 137814
1892 353504 839658 159057 141402
19493 357202 3698 160741 142881
1094 362098 48936 162944 144839
1895 365756 3658 164590 146302
1896 368454 2685 165804 147382
1997 373106 4852 167858 140242
1988 381002 7RG 171450 152401
1999 385925 §923 175466 135970
2000 399950 16025 179978 159980
P 2001 411208 1258 185044 164483
i 002 421055 9847 188475 168422
l5 2003 E 425353 4258 151409 170141 i

‘Assumes 45% of active AMTs work in aviation mamienance
‘Assumes 107 of active AMTs work in aviation maintenance
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Columns 3 and 4 in Table 4A-8 report the estimated active AMTs in aviation assuming that
45% of active AMTs are employed in aviation (Column 3) and that 40% of active AMTs are
employed in aviation (Column 4). The estimates and projections in Columns 3 and 4 will be
used as rough indicators of AMT supply in the next analysis which attempts to answer the
questiion, "Will there be AMT shortages in the future?"

Projected Demand and Supply of AMTs

To determine if there will be a future shortage of AMTs, the projections of AMT demand from
Tables 4A-4 through 4A-6 are combined with projections of AMT supply from Table 4A-8
and Table 4A-8. Projections of AMT shortages can be calculated by comparing the supply
and demand projections. Only the situation where 40% of active AMTs are employed in
aviation {Column 2} and where it is assumed that 14, 4.2 and .15 AMTs are needed to
maintain each aircraft of each class of aircraft (Column 3) are there predicted to be
substantial AMT shortages. However, for circumstances where greater than 40% of active
AMTSs remain empleyed in aviation and where fewer AMTs are needed to maintain each class
of aircraft, shortages are not projected. In general, the supply of AMTs will meet the aviation
imdustry's demand for them.

Another factor that has to be considered in projecting future shortages is the large pool of
AMTs who are certified but who are not employed in aviation and who conceivably could
reiurn to aviation employment at some point. The aviation indusiry could draw upon this
relatively large pool of available AMTs if circumstances warrant it. However, it is to the
aviation industry’'s advantage not to draw upon this supply of AMTs. It is much more cost-
effective to continue to fill positions with entry-level AMTs rather, than to pay higher wages
to more senior people. The comparatively low wages, nighttime work schedules, and the
uncertain job security in the aviation industry create retention problems within the industry,
especially for more experienced and senior workers.

There may be short-term shortages of entry level AMTs in the aviation industry, given the
cyclical nature of increase in the number of AMTs certified each year (see Table 4A-7 and
Table 4A-8). Short-term shortages in the industry may indeed be the short-term stimuli that
. AMT schools react to, at least until it becomes difficult for newly trained AMTs to find jobs.
The schools would then react by reducing the scope of their programs. Individuals then may
also become less interested in AMT training due to a perceived or real lack of jobs in the
industry. Given the nature of the aviation industry, it seems ¢ be quite difficult to create
any long-term balance between the training of new AMTs and the availability of jobs.
Assuming that the aviation industry is tied to the overall econemy, in the long-term (more
than a few years), the number of AMTs needed will continue 10 show cyclical changes as the
economy goes through its typical upturns and downturns.

Another trend that may substantially reduce demand for AMTs in the U.S. aviation industry
is the movement of aviation maintenance facilities to foreign couniries. As more of these
facilities become realities, the growth in the number of jobs available to AMTs trained in the
United States will slow.
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The overall conclusion of these analyses is that AMTs are available to meet today's demand
and that future shortages seem unlikely. There may be short-term shortages of entry-level
AMTs as the aviation industry fluctuates with the economy. However, the massive shortages
the WP suggested seem unlikely.

Table 4A-9 Projected Demand and Supply of AMTs in Non-Military Aviation, 1880-2003

Supply Demand

Year Active AMTs in Aviation AMTs needed in Aviation

1980 113099’ 1060532° | 108135° 90268* 72502"
1981 118482 105300 111436 92548 74433
1982 125225 111311 113916 94978 76034
1983 126054 112048 116680 97245 77801
1984 127993 113771 120022 102941 79858
1985 129769 115350 123900 | 405047 82494
1986 131837 117277 127731 106122 86514
1987 133776 118912 131382 109072 88761 |
1988 139689 124168 | 134953 | 111966 | 88977 |
1989 145655 129471 138190 114608 91025 !
1990 150599 133866 140698 116708 92718
1991 155040 137814 144729 119955 95180
1992 158077 141402 146667 121635 96604
1993 160741 142881 148256 123061 97865
1994 162944 144839 151795 126003 | 100108
1995 164590 146302 154537 1282511 101964
1996 165804 147382 158392 131389 | 104384
1997 167898 149242 162146 134856 | 106766
1998 171450 152401 166697 138125 | 109554
1999 175466 155970 170601 141315 § 112100
2000 179978 159880 173808 143988 | 114188
2001 185044 164483 177602 147087 | 118610
2002 189475 168422 181179 150087 | 118954
2003 191409 170141 184291 152684 | 121077

'Assumes 45% AMTs remain in aviation. See Table 4A-8.

‘Assumes 40% AMTs remain in aviation. See Table 4A-8.

*Assumes 14 AMTs per large jet, 4.2 per commercial and .15 per general aviation aircraft. See Table
4A-4.

*Assumes 10.5 AMTs per large jet, 2.15 per commercizl and .1125 per general aviation aircraft. See
Table 4A-5.

*Assumes 7 AMTs per large jet, 2.1 per commercial, and .075 per general aviation aircraft. See Table
44-6.
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Description of Time Series Models

The Box-Jenkins procedure {described in Box and Jenkins, Time Series Analysis: Forecasting
and Control, Holden-Day, 15786) is used to fit and project time series data by means of a
general class of statistical models. An observation at a given point in time is modelled as 2
function of its past values and/or current and past vaives of random shoek, both at seasonal
and nonseasonal time logs. The Box-Jenkins technique will model a single variable with
observations equally spaced in time with no missing values. Many times it is necessary
before modelling the time series to transform the data (usually by taking the log or power
iransformation of the series) or by differencing the series on a seasonal or nonseasonal basis.

The modelling of time series data is usually done in three steps. First, a tentative model is
icentified for the time series. Second, the parameters of the model are estimated and
diagnostics statistics and plots are examined to determine the adequacy of the model. Third,
if the model is deemed adequate, projections based on: “he model can be made. If one model
is determined to be inadeguate, then other models are examined till one is found with an
acceptable fit. Once the best-fitting model is formed, forecasts can be made. Fitiing and
forecasting a given time series of data usually requires multiple computer runs.

Thus, the specific best-fitting mode! for each series of data projected in this study differs from
each other model in terms of its parameters. Thre clearest example of these differences can
be seer: by comparing the projection of AMT suppiy (clearly cyclical) with the projection e.g,.
of the number of large jet aircraft. The best-fitting model for each time series of data was
used 1o make the projection for that time series, but the best-fitting model was different for
each time series.

Finally, the Box-Jenkins model zllows for the calculation of three separate forecasts for each
time series. The two additional sets of projections are based on the upper and lower
confidence interval limits about the estimated model parameters. These additional
projections were generated, but are not reported in this report. The use of the aliernate
projections would not alter the major conclusions of this analysis.

143
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CHAPTER FIVE
A PILOT STUDY TO MEASURE CORRELATES OF INDIVIDUAL DIFFERENCES
IN NONDESTRUCTIVE INSPECTION PERFORMANCE

5.0 INTRODUCTION

An interim report eXamined previous research programs angd studies in the area of
nondestructive inspection {NDI) conducted by the Air Force, by the nuclear power industry,
and by various academic and industry investigators (FAA/AAM & GSC, in press). A repeated
finding and concern in these studies was the existence of substantial differences among
inspectors’ NDI proficiency. Those few studies that have attempted to examine correlates of
NDI proficiency have been generally unsuccessful in establishing significant relationships
with performance.

As noted in the interim report, however, there are a number of variables, measures of which
appear potentially relevant to NDI selection and/or proficiency. This conclusion is based on
the findings of studies of individual differences in the areas of inspection and vigilance, on
the opinions of experts in the NDI field, and on the results of interviews with NDI inspectors
and training supervisors. These variables can be roughly separated into the following
categories:

. Boredom Susceptibility

* Concentration/Attentiveness/Distractibility
. Extraversion/Impulsivity

. Motivation/Perseverance

. Decision Making/Judgement

. Mechanical/Electronics Aptitude

. Need for Autonomy.

Each of these categories and the measures used for them is discussed in greater detail under
Section 5.1, Methodology.

The pilut study reported here represents the initial phase of an effort to investigate
relationships of these variables to NDI performance. A second aspect of this effort is to
investigate possible task-induced fatigue resulting from sustained performance and to
exsmine possible interactions between performance changes and the above subject variables.
The task emploved in this study was a computer-simulated NDI eddy-currant task developed
by Dr. Ceolin G. Drury and his colleagues at the State University of New York (SUNY}) at
Buffalo. The task has been described in studies by Drury, Prabhu, Gramopadhye, and
Laworella {1991} and Latorella, Gramopadhye, Prabhu, Drury, Smith, and Shanahan, (1982).
I essence. the task utilized a SUN SPARC workstation and incorporated a standard
kevboard and optical three-button mouse as input devices. As Latorella et al. (1992) have
emphasized, the a2im in develeping this task was neither to develop a simulator for training
on actual NDI tasks nor 1o develop a task to measure absolute values of the probability of
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detecting particular types and sizes of faults. Rather, their aim was to devise a task that
closely approximated the characteristics and requirements of eddy-current inspection tasks
io enable laboratory investigation of factors that may influence NDI performance.

Of the two previous studies that have used this task, neither has extensively evaluated
possible predictor measures or possible fatigue effects resulting from sustained performance
over successive task sessions. As noted above, the primary intent of this research program,
of which the pilot study reporied here is only the initial phase, is to investigate both the
relationship of individual difference variables to NDI performance and the possible effects of
sustained task performance on NDI efficiency .

The following sections more fully describe the criterien task, the tests and measures used,
the procedures employed, and the results obtained. Preliminary observations and directions
to be taken in the primary study are also discussed.

51 METHODOLOGY
5.1.1 Subjects

A total of 6 subjects, 3 males and 3 females, participated in the pilot study. All were right-
handed, had normal near visual acuity (as determined from an Orthorater screening test),
reported normal hearing, and were between 18 to 29 years of age. None had prior training
or experience in aircraft maintenance or inspection. All had completed at least 12 years of
school. Subjects were obtained through an existing Federal Aviation Administration (FAA)
subject contract and were paid $10.00 an hour for their participation. Summary
characteristics of the subjects are given in Table 5.1.

Table 5.1 Characteristics of Subjects

Subject Age Gender Occupation Education

c——r—— —

1 21 male roofer 12 years

2 21 female medical aid 14 years

3 18 male student 13 years

4 22 male janitor 13 years

5 22 fernale student 15 years

3] 29 female stere manager 13 years |
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5.1.2 Apparatus

. U. B. Airlines
As indicated lier, the basi . ‘\
appara;us conZ?;t;'?(; of : S?J;Ic OOOQCO 0 w |
SPARC Model 4/50GX-16-P43 e L) ) e I &

workstation, a 19 inch color

o own MAGNAFLLIX
monitor, and a 3-button optical @) = : \
mouse. Since the nature of the A
task and its physical O zoom oo | |22 i '\ \
characteristics have been :.: =L
described in detail previously O @ Q a ‘ sreskeleck | S 10071\
(Drury et al., 1991; Latorella et ) R \
al., 1992), only characteristics — A
relevant to the present study are Q) ; \ \
reviewed here. ll y \
The display itself consisted of -—-—""“rl;

four basic task elements
(windows). These are shown in
Figure 5.1 and are described
below.

Figure 5.1 NDI Inspection Task Simulation (Drury et
al.,, 1992)

3.1.2.1 Inspection Window

The lower left portion of the screen displayed the inspection window and centained the actual
rivets to be inspected. Although it was possible to present more than one six-rivet row of
rivets to the subject, only a single row was used in this study. An optical mouse was used
to move a cursor around the circumference of each simulated rivet. The subject was free to
examine the rivet until a decision was reached as to whether or not a crack was present. If
it was decided that a rivet was defective, the right mouse button was pressed which caused
a red cross to appear over the "defective” rivet and the words "rivet marked bad” appeared
on the screen. If the rivet was judged to be nondefective, pressing the midgle button caused
the appearance of the words ‘rivet marked good.” If a subject realized that an incorrect
response had been made, it could be corrected by pressing the appropriate button.

When all six rivets had been inspected, the left mouse button was clicked on the directional

block labeled "right.” This caused a black marker ring to circle the last rivet inspected, and
the next six rivets appeared in the inspection window.

5.1.2.2 Macro-View and Directionals
A macro-view in the upper left of the screen displayed a side view of the aircraft fuselage and
the row of rivets being inspected. Since only a small portion of this row was being inspected

at any given time during the task, the subject could move the cursor over the words "Where
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am [?” in this area and a momentary circle would appear over that portion of the rivet row
currently being examined.

5.1.2.3 Eddy-Current Meter

The upper right segment of the display contained a simulated analog meter that served as
the eddy-current output indicator. Deflections beyond a set point on the meter produced an
audible alarm as well as a red flash on an indicator light. Meter deflections could be caused
by:

* touching a rivet edge with the cursor or moving the cursor onto the rivet

¢ the cursor passing over a crack (All cracks were invisible and of varying length.)

* the cursor passing cver or near simulated corrosion, scratches, or paint chips
{These were simulated by 2 mm jagged lines at random locations adiacent to a
rivet. Not all rivets contained such "noise,” and no rivet contained more than one
such noise spot.)

5.1.2.4 Lower Right Window

The subject could use the lower right area of the display to exercise a number of options (e.g.,
"zoom” to take a closer look at a rivet being inspected, stop task in order fo take a break,
display elapsed time). Only one feature was used in the present study; this feature caused
a number to appear on each rivet and was only used by the experimenter during training
feedback sessions to enable subjects to locate and re-check rivets incorrectly classified.

5.1.3 Predictors and/or Task Correlates

As noted earlier, the interim report (FAA/AAM & GSC, in press) identified a number of
variables, measures of which appear potentially relevant to NDI selection and/or proficiency.
These variables can be roughly separated inte the following categories:

* Boredom Susceptibility

* Concentration/Attentiveness/Distractibility
* Extraversion/Impulsivity

* Motivation/Perseverance

* Decision Making/Judgement

* Mechanical/Electronics Apiitude

* Need for Autonomy.

The following sections describe the tests and scales that were employed as measures of the
above to identify possible correlates of performance on the NDI task.
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5.1.3.1 Subjective Rating Scale (SRS)

The Subjective Rating Scale (SRS) is a simple self-rating scale that the anthor has used in
several previous studies (e.g., Thackray, Bailey, & Touchstone, 1977; Thackray & Touchstone,
1991} to assess the current disposition of the subject, with measures generally taken before
and after periods of task perfermance. The basic instrument consists of five 9-point scales
measuring the dimensions of attentiveness, tiredness, strain, boredom, and annoyance. Two
additional scales measuring perceived effort and perceived difficulty were used in the more
recent study by Thackray and Touchstone (1991) and were included here as well. The SRS
was studied most extensively in the early study by Thackray, Bailey, and Touchstone (1977).
In that study, subjects falling at the extremes of rated boredom following performance of a
simulated radar monitoring task were compared with respect to severa! performance and
subjective variables. In general, those subjects who rated the task as quite boring showed
the greatest decline in rated attentiveness and the largest performance decrement.

5.1.3.2 Bennett Mechanical Comprehension Test

One of the recommendations of a Southwest Research Institute study of ways to improve NDI
technician proficiency was to select individuals who scored high on mechanical/electronics
aptitude (Schroeder, Dunavant, and Godwin, 1988). This recommendation was also echoed
in interviews with NDI instructors who expressed the belief that individuals who were above
average in mechanical aptitude made better inspectors (Galaxy Scientific Corporation, in
press). For these reasons, the Bennett Mechanical Comprehension Test was included in the
test batiery. This test appears to be one of the better measures of mechanical aptitude, and
its norms include those for aviation mechanical jobs and electrical inspector trainee jobs.
Unfortunately, the norms for aviation mechanical jobs, although updated in 1880, still do not
include separate normative data for women.

3.1.3.3 Typical Experiences Inventory {TED

The ability to resist distraction, if it can be measured, would appear to have at least face
validity in selecting inspectors (Wiener, 18975). A scale developed for use in several previous
studies (Pearson and Thackray, 1970; Thackray, Jones, and Touchstorne, 1973) and titled
"Typical Experiences Inventory” consists of a series of statements designed to measure ability
to work under conditions of {(2) time stress, (b} threat of failure, (¢) distraction, (d) social
stress, and (e) physical stress. In the study by Thackray et al. (1973), subjects were selected
who scored high, as well as low, on the distractibility subscale of this inventory. The high
scorers showed significantly greater lapses of attention during performance of a repetitive
task than did those scoring low. Because of these findings, it was decided to examine the
relationship of scores on this subscale to possible performance decrement on the NDI task.
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5.1.3.4 Arithmetic, Digit Span, and Digit Symbol Tests of the Wechsler Adult
Intelligence Scale (WAIS)

Scores on these three subtests of the WAIS have been shown in numerous factor analytic
studies to measure a factor that has been variously named "Freedom from Distractibility,”
"Attention-Concentration,” or "Concentration-Speed” (e.g., Goodenough and Karp, 1961; Karp,
1963). Some or all of these WAIS tests have been found te relate significantly to inspection
performance (Gallwey, 1982; Wang and Drury, 1989). Consequently, these tests were
included as another measure of attention/concentration or, conversely, distractibility.

5.1.3.5 Eysenck Personality Inventory (EPI)

The Eysenck Personality Inventory is a short inventory that measures extraversion and
neuroticism. The extraversion dimension has been studied extiensively in the context of
vigilance research because of the hypothesis, originally formulated by Eysenck (1967), that
extraverts should have more frequent lapses of attention and hence more omission errors
than would introverts. Reviews of the use of this personality dimension in vigilance research
(Berch and Kantor, 1984; Wiener, 1975) have lent some support to the belief that extraverts
generally do not perform as well on vigilance tasks as de introverts. Much less research has
been conducted on personality variables in the area of inspection, and no studies of
extraversion and inspection performance had been conducted at the time of Wiener's 1975
review. Since then, the author is aware of only one inspection study that has incorporated
a measure of extraversion. Using a visual search task, Gallwey {1882) found that introverts,
as measured by the EPI scale, had fewer search errors.

A factor analysis of the EPI scale has shown that it is comprised of two factors: sociability
and impulsivity (Eysenck & Eysenck, 1963). Several studies have shown that the impulsivity
dimension of extraversion is most clearly related to performance changes (Revelle.
Humphreys, Simon, & Gilliland, 1980; Thackray, Jones, & Touchstone, 1974). In the latter
study, extraverts showed a greater increase in lapses of attention during periormance of a
monotonous, repetitive task than did introverts. Further, it was determined that it was
impulsivity, rather than the sociabihity dimension of extraversion, that was responsible for
the obtained decrement.

Although a recent meta-analysis of vigilance studies over a 30-year period has concluded that
evidence for the superiority of introverts is considerably less than previously believed
(Koelega, 1992), Koelega feels that there is enough consistency in the findings to warrant
continued research. Because of this, it was decided to include extraversion as measured by
the EPI and the subscales measuring impulsivity and sociability in the present study.
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5.1.3.6 Boredom Proneness Scale (Life Experiences Scale)

NDI inspection is typically a repetitive task and is frequently considered boring and
monotonous (Schroeder, Dunavant, & Godwin, 1988). While the evidence relating
experienced boredom to poor performance is tenuous at best, at least one study demonstrated
a significant relationship of reported boredom and monotony to vigilance performance. As
noted earlier, subjects falling at the extremes of rated boredom following performance of the
simulated radar monitoring task showed the greatest decline in rated attentiveness and ihe
largest performance decrement {Thackray et al., 1977).

Boredom in the above study was measured following task performance and thus can be
considered a "state” assessment of boredom. The only scale specifically developed to assess
the general construct of boredom proneness (i.e. a "trait” measure of boredom susceptibility)
was developed by Farmer and Sundberg (1986). To the author's knowledge, this scale has
not been used in studies of inspection performance. For this reason, it was included in the
present study.

In order to somewhat disguise the intent of the scale, it was relabeled "Life Experiences
Scale.” Besides yielding a measure of boredom proneness, a recent factor analysis of the
scale revealed that it was comprised of two factors, "apathy” and "inattentiveness” {Ahmed,
1990). Scores on these two subscales were also obtained. Ahmed's analysis revealed that the
last item of the Farmer and Sundberg scale (item # 28) contributed to unreliability of the
total test score, so this item was removed fron. the scale administered in this study.

5.1.3.7 Matching Familiar Figures Test (MFFT)

The MFFT is a test developed by Kagan and his associates (Kagan, Rosman, Day, Albert and
Phillips, 1964) and consists of a series of 12 "stimulus” pictures each associated with 8§
"response” pictures. Except for one picture in each set of the 8 response pictures, ali differ
from the stimulus in some minute detail. Subjects point to the picture they believe to be the
correct one in each set and continue to point until the correct one is identified. Both the time
to first response and the number of errors are scored. According to the above authors. the
test measures a cognitive style known as reflection-impulsivity. Those who make quick
inaccurate decisions on the test are said to have an impulsive cognitive style; those who make
slow accurate decisions are said to have a reflective cognitive style.

This test has been considered to measure the tendency of subjects performing inspections
tasks to opt for speed or accuracy in their speed/accuracy iradecfl {Drury, Gramopadhye.
Laworella, Patel, Prabhu, and Reynolds, 1992). Presumably. impulsive subjects would tend
10 opt for speed at the expense of accuracy; conversely, reflective subiects would opt for the
opposite. In a recent study, scores on the MIFET were found to be significantly related 1o
several measures of inspection perfermance {Latorella et al.. 19921, Since the task used in
this latter study was the NDI simulation developed by Drury et 2l and used in the present
study, it seemed desirable to investigate further the relationship of MFFT scores to
performance on this iask.
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5.1.3.8 Internal-External Locus of Control Scale

Rotter's (1966) Internal-External (I-E) Locus of Contrel Scale was developed to measure
differences between individuals in the extent to whick they believe either that rewards and
reinforcements are contingent on or independent of their own behavior. The internal person
believes that rewards are contingent on his own effort, attributes, or capacities; the external
person believes that rewards result largely from luck, chance, fate, or forces outside of his
control.

In a study of vigilance performance, Sanders, Halcomb, Fray, and Owen (1576} hypothesized
that "internals,” by constantly striving for mastery of a situation and by exhibiting a belief
in their own ability to determine the outcome of their efforts, would perform better on a
vigilance task than would an "external” person. The results supported this hypothesis in that
internals, relative to externals, missed significantly fewer signals. Also, the internal subjects
coritinuved to progress in the monitoring task with a very small decline in performance, while
the externals showed a consistently increasing performance decrement.

Because the Rotter scale has apparently not been used previously in inspection research, it
seemed important to determine whether relationships similar to those found in vigilance
would appiy to inspection performance.

5.1.3.9 Jackson Personality Research Form {(PRF}

The PRF is a widely used test designed to vield a set of scores for personality traits broadly
relevant to the functioning of individuals in a wide variety of situations. 1t is a personality
test that focuses primarily upon areas of normal functioning, rather than psvehopatholiogy.

The Form E (PRF) used in this study consists of sixteen scales, of which nine were actually
emploved. The included scales were (a) Achievement, (b} Endurance, {¢} Understanding, {d)
Cognitive Structure, (e) Autonomy, (f) Change, (g) Impulsivity, (h) Infrequency. and {i)
Desirability. A brief description of each and the reaso.(s) for its inclusion are as follows:

e Achievemernit. A measure of the willingness 1o put forth considerable effori to
accomplish ¢ifficult tasks. This was inciuded as a possible measure of intrinsic motivation
or perseverance in task performance and was mentioned n the interim report as a desirable
quality of NDI technicians (Galaxy Scientific Corporation, in press).

* Endurance. A measure of the willingress to work long hours and to be patient and
unrelenting in work habits. This trait appears somewhat related to the above measure, and,
in fact, Ioads on the same factor in a factor analysis of the test. It was included for the same
reasons as the Achievement trait.
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* Understanding. A measure of intellectual curiosity and the desire to undersiand
many areas of knowledge. This was included because it was felt that it might correlate
negatively with performance on a task as constrained and repetitive as eddy-current testing.

« Cognitive Struciure. A measure of the need to make decisions based upon definite
knowledge with a dislike of ambiguity and uncertainty. Ii was felt that this trait might be
positively related to decisior time, i.e. the time spent searching each rivet for possible fauits.

* Autonomy. This is a measure of the need to be independent and not 1o be tied down,
restrained, confined, or restricted in any way. This was mentioneg in the interin: report as
a trait characterizing the most preficient inspectors {(FAA/AAM & (GSC, in press). This trait
was also mentioned by some of the NDI instructors interviewed by the present author.

* Change. A like of new and different experiences, with a dislike and avoidance of
routine activities. Inclusion ofthis trait is self-evident, since NDI tasks are so often referred
1o as boring and monoionous.

¢ Impulsivity. A measure of the tendency to act on the "spur of the moment” and
without deliberation. This was included as an additional measure of impulsivity 10 compare
with similar measures obtained from the EPI and from the MFFT described previcusly.

» Infrequency and Desirability. These were two scales inclided as measures of
carelessness and response bias in taking the test.

The various tests and measures described in the preceding sections were included because
it was felt that each might serve to measure some aspect of the categories mentioned under
Section 5.1.3 &s predictors andior correlates of NDI performance. It shos_id be apparent that
a number of these tests and measures bear similarities 1o one another and may indzed be
measures of the same trait, apiitude, or ability. However, one cannct always tell from test
titles and descriptors whether or not they measure similar things, and some were included
10 determine empirically the exient of their interreiationships, or lack thereof.

5.1.4 Procedure

Each suhiect was tested over iwo successive days. The morning of the first day was devoted
0 adminisiration of the various tests and measures; during the afternoon, subjects practiced
using the mouse and were requireé 10 read and be tested on a document describing eddy-
current testing. Theyv thern practiced the NDI simulation task. The afierncon training
procedures were e-:,ent.ai 1319 same as 1hose used and repeorted by Drury et al (1681

Subjective rating scales were ad stered 21 various times during the course of both days.
Training in the use of the mous was pro ovided by a display preg"am consisting of an enlarged
picture of a rivet head mth aira }g circie surrounding it. The subject practiced using the
mouse and curser to circle the rivet while staying within the circle. After each pre-selecied
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block of training trials, feedback was provided consisting of average times required to circie
the rivet, and averages of the number of times the cursor head touched the rivet or went
outside the circle. Training continued until the subject reached a consistent level of
performance. This usually reguired approximately 30 minutes of practice.

Training on the task begin with a short {20-rivet) demonstration session in which the basic
eiements of the NDI task -vere expiained. This was followed by three training sessions each
60 rivets long. Thirty percent of the rivets in each of the three training sessicns contained
faults {cracks). In addition, the second and third sessions also contained small, but visible
{2 mm) "noise” spots at various locations at or near a rivet. Freguency of "noisy rivets” was
also thirty percent. Locations of faults and noise were randomly assigned for each task
session {(both training and subseguent test tasks). Performance feedback was automatically
provided after each block of 10 rivets. In the first and second sessions, training circles were
provided arcund each rivei to assist the subject in keeping the cursor in the zppropriate
region while circling the rivets; no training circles were used in the third session.

Cu: the morning of the second day, subjects performed a short {20-rivet! “refresher” version
of the NDI task and then performed iwo lengthy {180-rivet: test sessions. Since these
sessions were self-paced, test durations for each subject varied from 60 10 30 minutes. There
was a fixed 10-15 minute rest break between each session, although subjecis were told that
they could take short {10-20 second "stretch’ breaks as needed during any session. Folliowing
a2 80-minute lunch break, this same procedure {two 180-rive: sessions) minus the short
practice session. was followed in the afternoon. No feedback was provided following iest
sessions and the frequency of both faulis and noise was held at 30 percent each. At the end

1

of the second day, subjects were debrieied and guestioned about various mititudes about and
approaches 10 the NDI task.

5.2 RESULTS

3.2.1 Criterion Performance

Figure 5.2 shows mean values

for misses and false alarms i ]
across the three training | E
sessions. Visual examination of || =
this figure reveals an apparent | ";; ;
increase in false zlarms during | = .. P — _ 53
the second training sessicn  § I :i
However, sub-cois tepicatly made | = ;
N0 errors cmisses or false alarms: 0 e S |
during these training sessicns | Tavd .o Tamrg SetneT 2 AT e i T ;
and the increase noi=d above ! =W st = am ATE ;

was caused by itwo subjects
making 1wo fa:se alarms dunng

this second session. The only
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important information to be gained from this figure is that miss rate remains level during
the last two training sessions and false alarm rate returns to its initial level.

Raw data for misses and false alarms during the four test sessions are given in Tables 5.2
and 5.3 respectively. Mean values obtained from these two tables are plotted as bar graphs
in Figure 5.3. In addition, this figure also plots miss and false alarm data for the first and
second half of each test session shown in Tables 5.2 and 5.3. Notice the general increase in
both misses and false alarms across sessions and the general increase in both types of errors
within sessions. Analyses of variance revealed the differences between sessions tc be
significant for both misses (F{3/15)=4.90, p=.014) and false alarms {F(3/15)=3.72, p=.035),
while differences between first and second halves of the sessions approached significance at
the .05 level for both misses (F(1/5)=5.79, p=.061) and faise alarms (F(1/5)=4 .65, p=.084). The

Interaction of Session Halves with Sessions was not significant for either misses or false
alarms.

Table 5.2 Frequency of Missed Faults Over the Four Test Sessians

Session 1 Session 2 Session 3

Subject (Gender Totai
Number
01 Male 1 S 3 2 2 2 2 1¢ 30
02 Female o 1 5 2 3 1 H 0 13
03 Male 5 13 5 i 19 i3 10 11 i=0]
04 Male 3 8 6 7 S o & 8 46
€5 Female 2 5 & 13 iz g 2 i3 62
I 08 Female 3 4 1 1 4 4 H i8 42

oy
o
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Table 5.3 Frequency of False Alarms Over the Four Test Sessions

False Alarms Session 1 Session 2
Subject Gender 2nd
| Number
01 Maie 0 0 )] 1 4 8 6 7 26
02 Female v 0 1] 1 0 0 0 2 03
03 Male 3 4 6 14 6 16 18 15 83
04 Male 0 1 i 1 ] 3 12 i4 3z
05 Female 0 4] 0 1 1 ¢] ¢ 1 03
06 Female 2 ¢ o 2 0 0 ) i 05 1
12
L R e R r - -
E
w
&
)
S
&
=

Sess:ons

i PN . N et b e Tl s J— e .z 1
(St T Misses TD2nd - Msses D=ist @i false Axrvs IE2nd —af Fase Alarms

H
H

Figure 5.3 Mean Misses and False Alarms Across Test Sessions

Total task time and mean time per rivet are shown in Table 5.4. As can be seen in this
table. there was a general decrease in both total! task time and mean time per rivet during
training as well as during the test sessions. Analysis of variance revealed the decline in total
task time to be nonsignificant both during training and test sessions (p>.101. Mean time per
rivet, however, decreased significantly both during training {F18/2)=4.27 . p=.05) and during
test sessions (Fi3/15)=86.22, p=.002: The increase in mean time per rivet from the last
training session to the first test session can probabliy be aitributed to the fact that the larger
number ¢f rivets in the test sessions caused the meter in the simulation to be slightly more
sluggish in its response. Tihus aspect was explnined 10 subjects before the first test session.
and sulnects characteristically began the sesaston by circling the rivets with greater care and
deliberation
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Table 5.4 Mean Total Task Time and Mean Time per Rivet

_ ] _ Total Time (min) Mn Time Per Rivet(sec)
Training Session 1 287 23.4
Training Session 2 27.9 23.6
Training Session 3 26.3 20.3

Test Session 1 92.7 28.8

Test Session 2 82.8 24.1

Test Session 3 83.1 249

Test Session 4 78.6 194

Estimates of task reliability were obtained by comparing the combined data of test sessions
1 and 2 with the combined data of sessions 3 and 4. The correlation between combined
sessions was r=.82 (p<.05) for false alarms and r=.81 (p<.05) for missed events. Total false
alarms across sessions was also compared with total misses across sessions. The obtained
correlation was r=.73 (p=.1C} which, although failing to reach the .05 level, suggests that the
two measures might be significantly related, given a larger sample size.

5.2.2 Subjective Measures

As indicated earlier, subjectiive ratings of aitentiveness, tiredness, strain, boredom and
annoyance were obtained at various times during the two-day period. Measurements of each
were obtained at the beginning of each morning and afternoon of the two-day periods each
subject was tested. These same measures were obtained at the end of the first day's training
session and at the end of the morning and afternoon test sessions of the second day. In
addition, items relating to perceived task difficulty and tc the amount of effort required to
maintain alertness were also administered at the end of the above three sessions. Data for
the subjective ratings are given in Table 5.5.

Comparing the pre- and post-session data of Table 5.5, it is apparent that atientiveness
decreased. while tiredness, strain, boredom, and annoyance all increased. Analyses of
variance, however, revealed that only those changes associated with tiredness and strain
were significant (F{1/4)=7.90, p=.048 and F(1/4)=11.0, p=.029 respectively). The increases in
perceived effort and perceived difficulty were nonsignificant (p>.10).
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Table 5.5 Mean Pre- and Post-Session Subjective Ratings

Variabl - n Pre-Session Ratings Mn Post-Session Ratings
Attentiveness 7.0 5.7
Tiredness 4.3 5.3
Strain 3.5 43
Boredom 3.2 3.6
Annoyance 1.2 1.8
Effort 4.4 5.1
Difficulty 27 3.9

5.2.3 Predictor Measures

Means and standard deviations for the various predictor tests and measures used are shown
in Table 5.6. Because of the small sample size used in the pilot study, with the attendant
risk of obtaining spurious correlations, no zttempts were made to correlate or compare any
of these measures with performance variables. Where normative data were available. most
measures appeared to fall within one standard deviation of the reported mean values.
Several deviations are worth mentioning, however: The sample as a whole scored relatively
low on impulsivity as measured by the PRF and EPI scales, on boredom susceptibility as
measured by the Boredom Proneness Scale, and relatively high on endurance as measured
by the PRF scale.

5.3 DISCUSSION

Discussion of the findings of this pilot study is not extensive for two reasens. First. the
essential purpoese of this initial study was simply to test and evaluate the various tests.
scales, procedures and task used in order to determine whether changes were necessary for
the major study of which this was only the imitiad phase. Second, the small size of the sample
used increases the risk of obtaining spurious results and makes any conclusions drawn from
the data risky at best. However, some comment on the findings is necessary and appropriate.

The significant increase in misses (fauits) obtained over the four test sessions suggests a
boredom and/or fatigue effect resulting from the repeated testing, perhaps causing the
subjects to become less careful or attentive in examining the rivets. This dechine in
performance efficiency was accompanied by an increase in ratings of both boredom and
fatigue. However, only the increase in tiredness was found to be sigmificant. There was alse
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a significant increase in strain, suggesting that continued task performance over the four
successive sessions was not only tiring, but emotionally demanding as well.

Table 5.6 Means and Standard Deviations of the Predictor Measures

Vat‘iabie . - - Mean 1 _ tandard Deviation
Typical Exper Inv 22.00 6.90
Bennett Mech Comp 40.67 2.88
LES Boredom Prone 5.33 4.03
LES Inattentiveness 2.33 2.58
LES Apathy 3.83 2.32
MFFT Mn Error 1.23 6.37
MEFT Mn Time 59.80 23.40
EPI Extraversion 12.50 1.52
EPI Impulsivity 3.83 1.47
EPI Sociability 7.33 1.37
WAIS Digit Symbol 56.17 14.18
WAIS Digit Span 13.00 2.83
WAIS Arithmetic 7.83 283
PRFE Achievement 12.50 2.59
PRF Autonomy 6.83 2.48
PRF Change 8.50 1.64
PRF Cog Structure 16.17 2.71
PRF Endurance 13.33 1.97
PRF Impulsivity 3.50 3.34
PRF Understanding 7.00 4.34
I.E Scale 8.33 3.61

While an increase in fatigue {tiredness) across sessions seems a plausible explanation for the
increase in missed faults, 1t is sermewhat puzzling to see how ncreasing tiredness could also
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result in an increase in false alarms as Figure 5.3 shows. The possible increase in
carelessness and inattentiveness with fatigue could again be a contributing factor. Recall
that Table 5.4 showed a significant decrease during the test sessions in mean time spent
examining rivets. While this could merely be an indication of increased skill in the use of the
mouse, it seems more likely that it indicates less careful examination of the individual rivets
by at least some of the subjects, especially during the last session. Less careful examination
would likely increase the number of times a rivet edge was touched or "noisy” area was
crossed. The resulting meter deflections might then be erroneocusly interpreted as faults.

One should also not overlook the possibility that the increase in false alarms might simply
be an artifact of the particular sample used. Examination of Table 5.3 reveals that half of
the subjects (subjects 2, 5, and 6) showed essentially zero false alarms across all four
sessions. The increase in false alarms was essentially the result of subjects 1, 3, and 4.
Thus, whether the larger, more representative sample to be used in the primary study to
follow this one will show an increase or no increase in false alarms across sessions cannot
really be predicted from these data. Likewise, one should not attribute much significance to
the fact that the three subjects of Table 5.3 showing no increase in this type of error were
all females. Waether or not a gender difference exists in this respect again must await the
findings of the subsequent studyv.

Of the remaining data, there is little more that can be discussed. Reliability of the NDI task,
in terms of both misses and false alarms, was shown to be acceptable, and ore would hope
that these reliability estimates will approximate those to be obtained in the primary study.
As noted earlier, the particular sample used scored somewhat below average on measures of
impulsivity, on measured boredom susceptibility, and above average on the PRF measure of
task endurance. Also, the sample appeared to show a gender difference in frequency of false
alarms on the NDI task. Whether any or all of the above characteristics of this sample will
be reflected in the larger sample of the primary study remains to be determined. The
experiment protocol of the pilot study proved to be workable with testing and training
occurring on the first day and with the second day devoted to successive test trials. No
probiems were encountered in administration of the various psychometric tests and measures
and all will be used in the primary study.

As indicated in the Introduction, the pilot study reported here represents the initial phase
of a larger effort (the primary study) to investigate relationships of selected subject variables
to NDI performance. A second aspect of this effort is to investigate possible task-induced
fatigue resulting from sustained performance on the NDI task and to examine pessible
interactions between performance changes and the various subject variables examined 1n the
pilot study. Approximately 25-30 subjects will be tested in the primary study. but the basic
procedures and approach will remain essentially those incorporated in this piiot study.
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CHAPTER SIX
THE EFFECTS OF CREW BESOURCE MANAGEMENT (CRM)
TRAINING IN AIRLINE MAINTENANCE:
RESULTS FOLLOWING ONE YEAR'S EXPERIENCE
{Report of Work Completed through 6-30-92)

6.0 SUMMARY

This report describes the first full year's evaluation of the effects of one airline's Crew
Resource Management (CRM) training program. This evaluation focuses on maintenance
managers' attitudes, their reported behaviors, and the maintenance performance of their
units. The results reveal a strong positive effect of the training.

The overall program represents a long-term commiiment to improving safe, dependable, and
efficient performance through effective communication at all levels in airline maintenance
operations (Appendix A contains the current syllabus). The initial findings described in a
previous progress report (Galaxy Scientific Corporation, 1992) are reinforced and elaborated
here. The current results benefit from a larger sample size. Additiona! months of
performance data and results from six- and twelve-month follow-up questionnaires' also
contribute to the value of this data set.

In the present report, we examine maintenance performance changes following training. as
well as the relationships noted between the post-training attitudes and performance.
Maintenance performance reported here includes safety from ground damage, safety from
injury, maintenance costs in overtime paid, delays in RON (remain in station overnight:
aireraft departures, as well as dependabiiity of on-time departures for other scheduled flights.
We further describe these measures in Table 6.1.

The analyses reported here examine training effects on performance, on attitudes and on
indicators of behavior. In particular, we compare managers’ immediate post-training
attitudes with their follow-up attitudes sbout a variety of management and organizational
factors. We also test the relationship of attitudes wiua maintenance performance measures.
Highlights of results from this training progra.n irclvde increased safety and improved costs
from management of stress, and improved on-time performance from the apphcation of more
assertive communications. More specific results are as follows:

1) We noted positive trends in a number of the company's overall maintenance performance
for the 12 months after the onset of training. compared with: the 12 months before. The
two performance categeries of Efficiency (Figure 6.3} and Safety (Figures 6.4-8.5:
improve after the training. In addition, most of the overall results of Dependability
performance remain . "able in the 12 months after the onset of traming (Figures 6.6-6.10

All surveys and questionnaives were gistributed by the nirline to nirline emplovees. The survey
instruments were not developed or distributed by the FAA
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2) Comparisons of managers' attitudes immediately after their trainiag with their attitudes

months later confirm that the eifects of training on beliefs are stable. Comparison of
managers attitudes before and after their training showed a& showed significant
improvement in three of the four attitude indicators. Improvement took place in attitudes
about "willingness to share command responsibility,” "usefulness of communication &
coordination,” and "recognition that stressors affect management decision-making” (Galaxy
Scientific Corporation, 1992). The present report goes beyond that examination of pre-post
test comparison of attitudes to look at the same attitudes shown by these managers
months later. This test of the questionnaire data shows that the favorable post-training
attitudes remain at those high levels two months, six months, and twelve months after the
training. The influence of the training on managers' attitudes is thus a stable and robust
change and not merely a brief "honeymoon effect.” We present these comparisons
graphically in Figures 6.1 and 6.2.

3) Another analysis of the data looks at the relationships between the post-training attitudes

4

—

and maintenance results over several months. In this "time-lagged” analysis, we test the
effects for performance before the training, performance at the same time as the training,.
and performance months after the training. As we describe in the main body of this
report, we found a pattern of significant relationships (in the expected direction) between
the managers’ immediate post-training attitudes and performance. Specifically, some
attitudes are associated with concurrent performance of work units, as well as performance
several months later. Effective performance, as measured by the dependability measures,
in the months before the training are associated with favorable post-training feelings about
communication and coordination and the importance of work stresses in management
decision-making (¢ef., Tables 6.7-6.11). Furthermore, these two attitude measures are also
significantly related to on-time performance in the months following the training (Table
6.7).

The pattern of relationships between attitudes assessed two months afier training,
and performance is somewhat different. These "follow-up attitudes” have more sustained
relationships with performance over the several months examined than attitudes
immediately following the iraining. A low rate of ground damage incidents before and
during the period of the two-month follow-up survey is most related to three indices in the
follow-up measure. Those three are the "recognition of siressor effects on decision-
making," and the participant reports of "work goal sharing” within and between work
groups (Table 6.13). Measures of assertiveness and of sharing command responsibility
are consistently related to on-time performance (Table 6.153) and to the other measures
of dependability (Tables 6.16-6.181.

Managers” self-reports of their behavior for the six- and twelve-manth follow-up surveys
confirm change from more passive behaviors toc more active and interactive behaviors.
Passive behaviors can be accomplished by oneself and do not reguire the cooperation of
others. It is for that reason that we find those self-reporis censistent with our
expectations. The passive behaviors of "better listening” and "being more aware of others”
are reported as most used itwo months after the training, but they do not increase
appreciably in the six-month and twelve-month surveys. On the other hand, the active
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behaviors of "communicating” and "dealing better with others" increase markedly in
written descriptions by participants twelve months after the training (Figure 8.12). This
latter result offers powerful implications for the long-term effects of the training. It
appears that during the CRM training these managers learn some skills that they begin
to use right away, and others that they apply only months afterward.

Methods used in the study

Maintenance managers' attitudes are measured based on a questionnaire developed a decade
ago by NASA and The University of Texas. The NASA/UT program has used that
grestionnaire o evaluate the results of CRM flight crew training in a large number of U.S.
and foreign carriers (Helmreich, Foushee, Benson, & Russini, 1986). Questionnaire data for
the present study were collected befere, and immediately after, the training, as well as two
months after, six months after, and twelve months after. The managers were requested to
choose an identification number (known only to them) and to use that number on all
questionnaires they completed. Using these numbers, it was possible to match the same
managers' answers to the same questions over the various time intervals.

All questionnaires used here included 26 separate multiple choice guestions, which we later
collapsed into six composite index measures. Of these six composites, four are measures of
attitudes which the CRM training should influence, and two are perceptions of goal
attainment behavior that the training should not predictably change. The first four
composites measure attitudes about "sharing command responsibility,” "communicating &
coordinating,” "“managing stressors,” and "assertiveness.” The other two composites measured
managers’ attitudes about sharing work goals within their own groups, and between work
groups.

In addition to the multiple choice guestions, all questionnaires administered afier the
training included several open-ended questions. Those open-ended questions explore how the
managers expected to use what they leained from the training, how they did use it, and what
they thought would improve the training. This report describes the results, using the six
guestionnaire composite measures and the four open-ended items.

6.1 BACKGROUND

The CRM training reported here is first-time training in several team-relzted concepts,
including communication skills, self-knowledge. situational awareness, and assertiveness
skills for maintenance management personnel in one large U.S. airline (hereafter called "the
company’). Mairtenance in this company includes engineering, quality assurance, technical
planning, systems & procedures, contracts administration and purchasing, as well as the
more direct maintenance functions of line- and base-mainienance, inspection, shops, and
material services. It is the company's intention to train all of its 1,800 maintenance
directors, managers, supervisors, and assistant supervisors.
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CRM training in airline maintenance operations is unigue to the present organization. This
exceptional example has been intensively studied during its first 18 months. The first reportis
(c.f. Taylor, 1991a, 1991b) were limited to a relatively small sample of participants and a
small number of months of post-training maintenance performance date. A summary report
of the first six months was published in the FAA Office of Aviation Medicine's Second Annual
Human Factors Research and Development Progress Report (Galaxy Scientific Corporation.
1892). The present report continues to document the company's CRM training efforts and
particularly examines the effects of iraining-related attitudes on subsequent performance, as
well as the stability of post-training attitude changes.

The effectiveness of this training, as measured by its ongoing evaluation, can help direct the
airline industry's maintenance human resources practices in the future and guide the
development of future ATA and FAA training policies and regulations.

The analyses reported below assess the relationships among managers’ post-training
attitudes about a variety of management and organizaticaal factors and maintenance unit
performance.

6.2 THE PURPOSE CF THE PROGRAM AND OF THE COURSE

The program'’s champion is the company's Senior Vice President for Maintenance. He has
stated that his aim for the training and evaluation program is to improve human resource
{HR) management. This HR progress, he believes, will be hastened by using science-based
tools and techniques for evaluating the training outcomes and using those results for
continuously improving the program’s effectiveness.

This particular training program originally began with help from the company's flight
operations training group who had nearly a decade's experience with their own CRM
program. Now, however, the training i{s & mainienance program entireiv. The program 1z
managed and administered by maintenance pecple, and the trainers {in conjunction with
professional human factors consultants) are maintenance people 100.

The purpose of the training, as stated by trainers on the first day of each training session,
is "To equip all maintenance personnel {(managemen: {irst} with the skill to use all resources
to improve safety and efficiency.”

6.2.1 Course Objectives

0
-\
iyt

The objectives (the more specific goals of the trammg are also clearty stated during
trainers’ introductory remarks. They are as folicws

Diagnose organizational "norms” and their effects on safety
Promote assertive behavior

Understand individual leadership styles

Understand and manage siress

L0 BD
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8. Erhance rational problem-solving and decision-making skills
6. Enhance interpersonal skills

6.2.2 The Course as Designed for the Objectives

The aims and objectives of the training are achieved by following a course syllabus containing
12 modules (Chapter Six Appendix contains the current syllabus).

6.2.3 State of Training Completed

At the time of this writing more than 1000 maintenance Managers have attended the CRM
training course. Thus, the present analysis uses daias from over half of the whole
maintenance management staff who will eventually complete the training. By September
1992 all of senior management had attended the course. The people remaining tc complete
the course are maintenance management personnel, mainly maintenance supervisors and
assistant supervisors located in the company's three largest cities.

6.2.4 Maintenance Work Units as the Focus of the Analyses

The analyses described in this report illusirate the effect of changes in management aititudes
upon the maintenance performance of their work-units. In order to achieve this examination
of attitude correlations with performance, the individuzl manager's data are combined into
averages for the units to which they belong. The maintenance performance data ‘classified
inteo categories of "safety,” "quality,” "dependability,” and "efficiency”} are also consiructed into
mezsures for the same work units.

6.3 THE "CREW RESQURCE MGY/TECH OPS QUESTIONNAIRE" {(CRM TOQ!
€.3.1 Prior Experience in Measurement of Attitudes Related t¢ CRM Training

The Cockpit Management Attitudes Questionnaire {CMAQ' has long been 2 recognized
measure for assessing flight crew attitudes. Il is usefu! as a treining. evaluation and
research tool (Helmreich et al., 18881 The CMAQ guestionnaire contains 23 items measuring
attitudes that are either conceptually or empirically related 10 CRM. Taggartil
the CMAQ for uee in a maintenance departmen:. and reported positve initial resyls
following CRAM training conduct2d fur maintenance maragers in late 1659

Two recent studies involved the close analvsis of the OMAQ insirument through the use of
Factor Analysis. a technigue to expiore for @ consisten:t internal siructure (Gregorich.
Helmreich, & Wilhelm, 1850; Shermazn. 1892: In these studies the zuthors showed. “or

£



Chapter Six

Sharing Command Responsibility

Value of Communication & Coordination
Recognizing Stressor Effects

Avoidance of Interpersonal Conflict.

Those authors combined the individual CMAQ items into the four composite indices to obtain
more stable indicators of each concept. Such index scales permit a more detailed assessment
of the separate but related attitudes than a single total score for the entire questionnaire.
They also provide mor» accurate and reliable results than are available from each of the
mdividual questionnaire items alone. Although Gregorich, et al. (1990) eventually reduced
the set from four to three composites by dropping "Avoidance of Interpersonal Conflict,”
Sherman found 2z ruch more robust fourth factor, which he tit'ed "Advocacy and
Assertiveness.”

3.3.2 Measurzment of Attitudes in the Present Study

The "Crew Resources Management/Technical Operations Questionnaire” (CRM/TOQ) used
in the present study is a modified version of Taggart's revised CMAQ. In obtaining & "good”
measure of the complex concepis of CRM training, the present company's goal was to start
with a proven survey shown to be valid with CRM training in the airline industry. In
following the lead of the CMAQ, the CRM/TOQ is a short questionnaire with enough items
to provide convergence to a smaller set of concepts.

The CRM/TDQ contains 26 multiple response items. The company's modifications of the
CMAQ mvolved removing five questions and adding six others. The five questions were
removed because they either lacked predictive validity as reported by earlier flight crew
studies (Helmreich, et al.,, 1986) or, in the company's opinion, lacked relevance to
maintenance.

A confirmatory Factor Analysis was undertaken for the data obtained with the CRM/TOQ in
the present study (Taylor, 1991a). Results for the items drawn from the revised CMAQ were
similar to those of Gregorich, et al. (1930} and Sherman (1892). As in the latter study, the
CRAM/TOQ's fourth composite was statistically swrong. and was therefore retained as tue
reflected index "Willingness to Voice Disagreement.”

Attitude change from pre-training to post-training using the CRM/TOQ was examined in the
previous progress report (Galaxy Scientific Corporation, 1992). “Sharing Command
Responsibility,” "Communication & Coordination,” and "Recognizing Stressor Effects,” all
increased significantly following training. "Willingness to Voice Disagreement” decreased
{non-significantly) for the whole sample following iraining, but it rose significantly for the
supervisors (the largest single group in the sample to that date) when they were viewed
separately from assistant supervisors and directors.

Six questions were added to the CRM/TGQ, tased on items intended o measure respondents’
perceptions of behaviors dealing with attainment of work goals (Geirland & Cotter, 1990).
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These six items were considered important to add because the work of maintenance managers
differs from that of flight crew officers (as managers) in the typically longer time required for
technical operation's goal attainment and the relatively greater ambiguity of those goals. In
addition, because goal setting and attainment were not covered in the CRM training they
could act as "control questions” which were not predicted to change in a consistent or positive
way following the training. These items loaded onto two factors in the Factor Analysis: "Goal
Attainment in Own Group” and "Goal Attainment with Other Groups.” The goal attainment
scales were not expected to change because goal attainment was not a topic covered in the
training, and because there would not be time, during the training, to change the behaviors
that were the focus of the measures. Similar to attitudes, these perceptions can be influenced
by exposure to new information or by reconsidering initial assessments. These perceptions
did change during the CRM training and they have proven to be also related to maintenance
performance.

There are {our versions of the CRM/T0OQ questionnaire that have been used in various phases
of this project. Although the first two versions are not part of the present analysis, they are
described with the latter versions below.

1. A "Baseline Questionnaire” was mailed to all 1,800 maintenarnce managers, supervisors,
and assistant supervisors in the company in May 1991 before the training was
announced. The results of this baseline assessment of management attitudes were factor
analyzed and were also used to assess the reliability and validity of the CRM/TOQ
{Taylor, 1991a). The Baseline version will not be further discussed.

2. Apre-training” questionnaire is completed by all participants in the first minutes of the
workshop. Respondents place a confidential identification (I.D.) number or code on the
questionnaire so that their responses can be compared with their responses on
subsequent, follow up questionnsires. These pre-training attitudes have been compared
with post-training attitudes to test the effects of the training (Galaxy Scientific
Corporation, 1992). Further results using the pre-training questionnaire will not be
discussed here.

]

A "post-training” questionnaire is completed by all participants at the workshop's
conclusion. Respondents write their I.D. code on the questionnaire, and are asked to note
the number in their course workbook to help them remember it for later "follow-up”
gquestionnaires (see version 4 below). The training facilitators collect and mail the
completed pre-training and post-training questionnaires to the University for processing.
Data from this post-traimning version of the CRM/TOQ have been compared with the pre-
training guestionnaire data, as noted above. The present report will discuss responses
from the post-training questionnaire and will compare these matched responses with the
participants matched responses to version number 4, the "foilow-up” questicnnaires.

wn

"Follow-up” questionnaires are individually mailed by the company to all past participants
two, six, and twelve months following their CRM training. Respondents are asked to
include their 1.D. code so that these follow-up questionnaires can be matched with the
earller questionnaires and to return the questionnaires to the University for confidential
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processing. Although the two_ six, and twelve month follow-up surveys o~ =1 identical
in form, they measure the respondents thoughts, assessments, and attitudes over
increasingly remote periods from the training,

6.3.3 Sample Size and Response Ratio

The following is the ratio ¢f post-training and follow-up CRM/TOQ guestionnaires processed
by July 1992, to those distributed:

1,040 post-training questicnnaires, (33%)

365 two-month follow-up questionnaires, (44%)
255 six-month follow-up questionnaires, (42%)

76 twelve-month follow-up questionnaires, (40%).

6.4 RESULTS SECTION 1: COMPARISON OF POST-TRAINING ATTITUDES
WITH TWO-MONTH, SIX-MONTH, AND TWELVE MONTH FOLLOW-UP
SURVEYS

Figures 6.1 and 6.2 present the comparisons for the four attitude scales and the two goal-
attainment scales respectively using all the responses available without regard for matched
responses. No significant differences were found among the post-training, two, six and twelve-
month surveys. All four attitude scales and the two "Goal Attainment” measures rema:n
high in the year following CRM training The tests shown in Figures 6.1 and 6.2, in turn,
have been compared with survey data which were directly matched, b individual respondent
I.D. number, among the several follow-up questionnaires, and the results are remarkably
similar. In this way, the potency of examining the responses from the same individuals
matched over time, was combined with the power of the larger unmatched sample of
responses for comparison.

6.4.1 Matched Questionnaires and Sample Size

For the remainder of the analyses in this report the results for the CRM/TOQ will be

reported in terms of the largest number of matched individual responses available, ie. those

- *hat can be matched by LD. code number across the various surveys. The practical
implication of this matching is that the total size of the matched sample is limited by the
number of smallest wave of data. For example, by July 1992 (13 months after the onset of
the training) there were 74 people whe returned the tweive month follow-up questivnnaire,
64 of whom included an 1.D. number that could be matched to their earlier questionnaires.
Any statistical tests of comparisons between post-training and twelve-month follow-up
questionnaires would necessarily be based on that limiting twelve-month sample size of 64.
Using, instead, only the two-month follow-up questionnaires, the number of respondents
whose I.D. numbers matched to their pest-training questionnaires could rise much higher.
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6.5 PERFORMANCE DATA DESCRIBED

Maintenance managers in the company already collect performance data in abundance.
Table 6.1 presents the eight measures used as end-result criteria in the present study.
Three conditions were met in order to include these measures in the work-unit analysis
reported here. First (and obviously), the performance measures need to be available by work
unit {i.e., line station, shop, warehouse, etc.), and not just by department or function. Second,
the measures must be ones that people in the work unit can affect by their actions, and not
merely ores that are conveniently assigned to a unit, but for which it can do little. The third
condition applied was that the measures not be directly related to (or completely determined
by) other measures in the set. The eight performance measures used in the present analysis
are included in the company's categories of "safety,” "dependability,” and "efficiency.” The
"quality” measures used by the company cannot at this time be applied to the specific
maintenance units, so they are not included in this present analysis.

The trainers and administrators of the CRM course evaluated the performance measures and
predicted which of them would be more sensitive 1o effects of CRM training. The results of
their evaluation are footnoted in Table 6.1. Their conclusions were that five measures were
the most readily improved by the training. These five performance measures included the
two aircraft safety items ground damage and days lost te occupational injury, and
dependability measures, based on departures within 5 and 15 minutes and delays due to
maintenance error. Their second ranked performance measures likely to improve in response
to training included the dependability of departures within 60 minutes and the efficiency of
overtime paid. A performance indicator rated least likely to improve as a function of the
training was departures later than 60 minutes.

6.5.1 Performance Measures and Attitudes

The present analysis examines the impact of pretraining performance on management
attitudes, and those attitudes' lagged effects on the measures of concurrent and subsequent
maintenance performance. We are focused mainly on the training's longer-term effects on
attitudes, which are related to performance following the training as well as occurring
at the same time. Therefore, the sample selected included as many matched responses to
follow-up questionnaires as possible, yet left the months between January and July 1992 to
permit a test of "lagged” performance effects.
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Table 6.1 Technical Operations Performance Measures Available by Work Unit
{(maximum number of work units possible are in parentheses)

I. MEASURES OF EFFICIENCY

A, Cost
1. % Overtime paid to total wage bill® (60)

II. MEASURES OF SAFETY

B. Safety of Aircraft

2. Number of Ground Damage Incidents® (44)
C. Personal Safety

3. % Occupational Injury Days Lost” (60)

II1. Measures of Dependability

D. Departure Performance (Line Station data only, n=31)
4. % Departure within 5 minutes”

. % Departure within 15 minutes"

. % Departure within 60 minutes®

. % Departure over 60 minutes, but not canceled”

. Number of Delays due to late from Maintenance’

{n=35)

5
6
7
8

a = Measures evaluated most sensitive to effects of CEM training
b = Measures evaluated moderately sensitive to effects of CRM training
¢ = Measures evaluated least sensitive to effects of CRM training

6.5.2 The Sample Used for the Present "Lagged Attitude-Performance Analysis"

By January 1, 1892, 570 of the 573 managers attending one of the CRM worksheops had
complieted an immediate post-training questicnnaire. Four-hundred four of those 570
managers were empioyed in one of the five maintenance-oriented departments in the
Maintenance Division -- line maintenance, base maintenance, inspection, shops, and
materials service. The data file containing the 404 maintenance managers was matched, by
confidential identification number, to the file c¢ontaining the 2-month follow-up
questionnaires, 225 of which had been completed and returned. The total actually matched
by L.ID. number was 181. This sample represents the direct maintenance managers who
aitended the CRM workshop during June through December 1291 and who answered the two
month follow-up questions. The sample provided the two-month time interval between
measurements of attitudes and up to six months between measures of attitudes and
performance. The demographic characteristics of this sample are presented in Tables 6.2
and 6.3, below. The tables show that this sample includes mainly line maintenance
supervisors, who are in their 30's, male, many of whom have some ccllege education.
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Table 6.2 Demographics of CRM Managers Attendees (June-December, 1991) Matched
with Their Two Month Follow-up Survey (n=181), Categorical Percentages

Job Title Assistant Super- Manager Director Engineer Co- Quahty
Supervisor visor ordinator Assuraicy

29% 47% 17% 2% 1% 1% 3

Dept. Line Base Quality Shop Matenal

54% 109 12% 1% 13%

Total Yeucs 2-6 yrs 7-10 11-17 yws Z1-2% yi~ 26-48 yr-
Working at the ¥
Company

Years Working in 0-5 yr &-1n 11-20 yrs 21-30 yr= 31.45 yr=
Present Position yIs
6%
Years Working 0-5 yis 6-10 11-15 yrs 16-25 yr 26-45 yrs
with Other Airlines yT5
6H% T% R 13% 4%

Table 6.3 Demographics of CRM Managers Attendees (June-December, 1891) Matched
with Their Two Month Follow-up Survey (n=181), Categorical Percentages

Age 20.29 yr~ 30-39 yix 40-44 yi OG0 yrw A1-V0 vy
6% 42% 23% 21% R

Fermale

2%

Years in 0.5 yre £ 10 yrs 120 ¥ 2130 yry
Military

1% 3%

Years in Trade
School

5 19 yr< 15-20 v~

Years in College

Cempany Coumpany 1 Cumpany 2

L 1%
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6.8 RESULTS SECTION 2: TESTING RELATIONSHIPS OF POST-TRAINING
ATTITUDES WITH PERFORMANCE

The first associations examined here are among post-training attitudes measured at the end
of each training session and maintenance performance for seven combined two-month
intervals (Jun/Jul'9l; Aug/Sept'91; Oct/Nov'9l; Dec'5i/dan'92, FebMar'92, Apr/May'92;
Jun/Jul'92). Performance measures are analyzed for the periods prior to and concurrent with
the training (Jun-Dec'91), and two, four and six months following training {(Jan-July '92). The
individual months of performance are combined into two-month increments to improve the
distribution characteristics.

The distributions of the performance measures require that non-parametric statistical tests
be used for optimal analytic power (cf., Taylor, 1991b). Therzfore, the relationships between
the attitude indices and the performance measures are indicated by the Spearman Rank-
order Correlation ("Rho"), as presented in Tables 6.4-6.11.

6.6.1 The Relationships Between the Post-Training Questionnaire Scales and
Maintenance Unit Performance Measures

The overtime performance measure described here was rated by the trainers as ouly
moderately likely to improve as a result of the training. We will start with that one, 10
explain the way these tables are set up and to provide a contrast with the more interesting
and/or consistent results in the remaining tables.

6.6.1.1 "Percent of Overtime to Total Wages"

The six rows of Table 6.4 are comprised of the four attitude scales and the two goal
attainment scales. The seven cclumns represent performance ir overtime costs foer seven
different time periods. Jun/Jul, Aug/Sept, and Oct/Nov 1991 represent the cencurrent
performance, while Dec/Jan, Feb/Mar, Apr/May, and Jun/Jul 1992 represent performance
following training. The cell entries in Table 6.4 are Rho coefficients testing the degree of
relationship between the six questionnaire scales and the overtime measure at the seven
different times. The calculations are derived from work-groups. Even a large company like
this one has only 60 work units in maintenance that report overtime used. Table 6.4 shows
that 39 of those 60 work units were included in this analysis. The missing ones were
dropped for a variety of reasons, including the fact that less than one third of ail the
managers had been through the training by January 1992

There is only one statistically significant relationship and no consistent pattern of results in
Table 6.4, as there are negative relationships as well as positive ones. In fact, this efficiency
measure of labor costs was rated by the trainers to be less influenced by the training than
would be other performance measures. Thus, this table is essentially an example of an
absence of training effect.
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Table 6.4 Spearman-Rho Correlations between Post-training CRM/T0OQ Results and
Maintenance Efficiency Performarce for % Overtime Paid to Total Wagebill’

Jun/dul Aug/ Oct/ Decs Feb/ %&h’ JuniJu
1993 Sep Nov Jan Mar May i
1991
Sharing Command -12 05 -15 -.06 -.05 =10 -.06
Responsibility ~
Communication ~33 ~08 -83 .8 -.16 -67 04
and Coordination
Recognition of .i8 -10 £e g8 -.24 -.G3 .02
Stressor Effects
Willingness to -1 v D4 i1 -12 =12 -37*
Voice Diszgreement
Goal Attainment 33 02 -48 i -03 .03 L5
with Own Group
Goal Attainment 03 -.0Z -23 .12 -12 .0 .14
| with Other Groups

n=34% Shaded area are months concurrent with the tramning 1and the rneasurement: and unshaded wrea are the moenths following waimng

Note: Theseilems score lower when perfurmance 1 positive, thus the direclion of the statistics shouid be negatve
*pec 5 *pe DI

6.6.1.2 "Number of Ground Damage Incidents”

In Table 6.5 the safety measure of Ground Damage incidents shows one significant
association, in the expected direction, between assertiveness ("Willingness to Voice
Disagreement”) in one period following training. This result, taken with the others in the
same row displaying the same direction of relationship, suggests that people intervene and
speak up more when aircraft may be damaged in those groups with higher scores for this
astitude. There are two other significant relationships in the expected direction betwecn the
goal attainment scales and concurrent ground damage performance.

Table 6.5 Spearman-Rho Correlations between Post-training CRMTOQ Results and
Maintenance Safety Performance for Ground Damage’

i H
: |
i Jun'dul Aug’ Gct' | Dee Feb: Apr’ Jundul |
§ 2
1991 Sep Nov Jan Mar Moy 1992 ¢
] i
Sharing Command 14 A7 33 -2 .30 Sl SR H
Responsibility i
L
Communication - 06 -7 -5 12 - 14 o6 TR
and Coordination :
Recognition of 25 3 28 14 4 - id -3
Stressor Effects
Willingness to -2 -.20 -2u L lw -38* . -:4 -3
§ Yoice Disagreement
Goa!l Atainment with S22 -1 -38* -2 - 0% N in
Own Group
1]
Goal Attainment with -38 -4z .22 PR B .16 ~uT
Gther Groups i :

n=%! Shaded area zre monthy concuTTent with the
Nole These 3temn scure luwer when

i and the measurement und unshaded ares are the months ollowing tramang
ot positin thus the divection of the ~latistics should te negative
*p< (5 *Tpeo
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6.6.1.3. "Occupational Injury Days Los{"

"Cccupational Injury Days Lost” is the second safety-related performance indicater to be
examined. Table 6.6 shows the patiern of results indicating that the two goal attainment
scales account for most of the significant differences in performance. Occupatioral injury
rates are consistently lower, both concurrently with training and subsequent to it, in work
units where managers and supervisors beliave that team goals are shared within their units,
and between them. Although goal attainmeni shows a strong association with this
performance, it is not a specific management value addressed by the CRM training. Of the
attitude improvements intended to be affected bv the training, Willingness to Voice
Disagreement is again significantly related to later safety performance. Other post-training
attitudes don't show much uniformity of pattern in relationships with this performance
indicator.

Table 6.6 Spearman-Rho Correlations between Post-training CRM/TCQ Results and
Maintenance Safety performance for Occupational Injury Days Lost’

Jun/jul Aug/ Get/ Dec/ Fel/ Apr/ Jun/Jul
1991 Sep Nov Jan Mar May 1992
Sharing Command -9 ~i4 £8 - 13 -03 .03 -.10
Responsibility
Communication -24 ~25 -20 06 -13 -05 -as3
and Coordination
Recognition of - 02 07 -3 20 -.18 05 -17
Stressor Effects
Willingness to -03 -02 ~25 04 -.10 -.10 - 28%
Voice Disagreement
Goal Attainment .10 ~2C -~ 32% -.20 -30* -.14 -41%F
with Own Group
Goal Attzinment .08 -14 ~30* -.18 -.50%% -.20 - 345%
with Other Groups

n =42 Shaded area &1+ months concorrent with the training and the measurement, and unshaded area are the months following aimng
3 - .
Note. These items seore Jower when performance is pesitive, thas the direction of the statistics should be negative
*p<c BB % p< Ul

6.6.1.4 "Aircraft Departures Within Five Minutes of Schedule”

This dependability measure invelves only the line maintenance stations. Table 8.7 contains
27 data points. One relationship between concurrent, on-time performance and sharing
commmand responsibility is significant. Severa! concurrent and subsequent measures of
departures within 3 minutes are related to communication and to recognition of stressor
effects. This is not surprising, as managers of large line stations, during the busiest hours,
must relinquish moment-to-moment decisions or they will slow things down. Likewise. they
must ensure communication among evervone involved and recognize that the adverse
consequences of stress are alsc related to dependable performance. Work in line statons

.
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creates some of the highest levels of work-related stress in maintenance. Relationships in
Table 6.7 signify that there are differences in rmanagement attitudes toward sharing their
power, communicating, and managing stress such that the more these aititudes improve, the
more the on-time cepartures.

With respect "o the pattern of results for all of Table 8.7, the proporticn of significant and
directional relatonships between six immediate post-iraining attitudes and the seven
maintenance performance measures, to the total number of tests cenducted, is substantially
better than that expected by chance alone. Eight Spearman "Rhos” of the 42 total were
significant p.05 (8/42 = 19% > 5%), and three of those were significant p<.01 (3/42 = 7% >
19).

Table 6.7 Spearman-Rho Correlations between Post-training CRM/T0Q Results and
Maintenance Dependability Performance for Departures within Five Miautes

Jun/Jul Aug/ Oct/ Dec/ Feb/ Apx/ Sun/dul
1991 Sep Nov Jan Mar May 1992
Sharing Command .20 17 36* .28 .18 Ml 24
Responsibility
Communication 35+ 24 -85 35* A41% 25 08
and Coordination
Recognition of 82 25 25 .36% 41%s 23 5 ;
Stressor Effects i
Willingness to 28 A7 17 i5 25 .ig 13
Voice Disagreement
Goal Attainment .25 15 L6 28 A45%* .26 28
with Own Group g
t
| Goal Attainment 21 L8 01 .13 35 .23 41 !
! with Other Groups i 5

n = 27 Shaded area are months concurrent with the traiming ‘and the measurement . and unshaded area are the momths L0 wang trammge
5. % pa U1

*p< UG,
Tables 6.8 through 6.11 present relationships between the six questionnaire iiems and
further measures of dependability.

6.6.1.5 "Departures Within Fifteen Minutes”

Table 6.8 shows that command responsibility, communication & coordination. and
assertiveness are all significantly and positively related 1o departures within 15 minutes of
schedule during the period concurrent with the training. The iwo goal attainment »2ales are
related to this performance measure subsequent to the training.

[y
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Table 6.8 Spearman-Rho Correlations between Post-training CRM/TOQ Results and
Maintenance Dependability Performance for Departures within Fifteen Minutes

Jun/Jul Aug/ Oect/ Dec! Feb/ Apri Jun/jul
1991 Sep Nov Jan Mar \ 4 1992
Sharing Command - 23 20 DT 28 .18 .08 28
Rasponsibility
Communication | 86* 21 -05 18 23 19 03
and Coordination :
Recognition of =% .15 18 .29 .29 .15 i6
Stressor Effects
Willingness to 56* K] 08 7 .23 .08 17
Voice Disagreement
Goal Attainment 21 10 Ey 2e* 48 7 31
with Own Group
Goal Atiainment 31 13 .06 19 .36% .17 .04
with Other Groups

5 = 26 Shaded area are months concurrent with the tramning 'and the messtrement: and unshaded area 2ve the months following raLung

*pc Do pc]

6.6.1.6 Departures Within Sixty Minutes”

Table 6.9 displays only two significant relationships to departures within 60 minutes. This
performance measure was one of those the trainers felt would be only moderately sensitive
to training effects. In fact the two significant relationships represent a proportion we could
expect by chance alone (2/42 = 5%).

Table 6.9 Spearman-Rho Correlations between Post-training CRMTOQ Resulis an
Maintenance Dependability Performance for Departures within Sixty Minutes

Junfjul Aug/ Oct/ Dec/ Feb/ %ﬁr:" Jurnidul
1891 Sep Nov Jan Mar May 1992
Sharing Command 37 22 30 .i8 a1 -.14 34
Responsibility
Communication 33 07 -82 25 08 0% 23
and Coordination i
Recognition of A5 22 17 6T -01 il 08 -
Stressor Effects i :
Willingness to 21 13 05 -4 02 -05 08
i Voice Disagreement
3
Goal Attainment L8 0% i T 14 o7 - 08 {2 ;
with Own Group i i
. i :
! Goal Attainment .18 05 .08 ¢ 28t 32 .08 N
i with Other Groups } i
pr 07 Shoded atre 200 raenrha 04 o wTo Wl the traumng onel Ve mmee Toinen” 20 .0 chaladn 2oea are e moedths Lellowsng Tamey

To it sty
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6.6.1.7 "Departures Over Sixty Minutes, Not Canceled"

The measure, "departures over 60 minutes, but not canceled,” (Table 6.10) is one that the
trainers felt would be least sensitive to training efferts. Although Table 6.10 shows three
significant positive correlations {only slightly above a chance expectation for the table
overall), it also contains one significant negative relationship (opposite to that expected).
Given the absence of any pattern to the relationships in Table 6.10, we may conclude that
post-training attitudes and perceptions do not have an effect on this performance.

Table 6.10 Spearman-Rho Correlations between Post-training CRM/TOQ Results and
Maintenance Dependability Performance for Sixty Minutes, Not Canceled

Jun’Jul Aug/ Oct/ Deco/ Feb/ Apr/ Jun/dual
1951 Sep Nowv Jan Mar May 1992
Sharing Command £3 - 04 ~Z0 05 Rile -.19 36
Responsibility
Communication {-447%) .11 39* .00 20 24 .18
and Coordination
Recognition of -25 ] ~21 AQ* 219 R -.25 33
Stressor Effects
Willingness to 06 03 -85 -.038 -.30 -.20 30
Voice Disagreement
Goal Attainment .29 =03 B3 .18 -29 08 25
with Cwn Group
Goal Attainment -2 1 a7 .13 04 27 47+ 1 28
with Other Greups l | ;
n =27 Shaded area are munths concurrens with the iraimang wand the measurement} anc unshaded aren are the months Hllowing raming

*pa DS M pce 08
8.8.1.8 "Delay Due to Late from Maintenance”

Table 6.11 presents relationships between post-iraining guestionnaire responses and delayvs
due 1o izte from maintenance. This is g measure of the number of airerafl, either scheduled
to remain in station overnight (RON; or on the ground {AQG) for repair. which are not ready
for morning flights. "Communication & Coordination’” is significaniy correlated and in the
expected direction with this performance measure concurrently with training and subsequent
10 it. These results indicate that as more mwanagers communicate and coordinate among
themselves and with mechanics, the iower the number of deiays due o the aircrafl being late
from maintenance.
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Table 6.11 Spearmean-Rho Correlations between Post-training CRM/TOQ Results and
Maintenance Dependability Performance for Delay Due to Late from Maintenance’

Jun/Jul Aug/ Oct/ Dec/ Febi Apr/ Jun/Jual
1991 Sep Nov Jan Mar May 1952
Sharing Command | --15 {7 -37° -27 -12 -.33* -17 -28
Responsibility : R o
Communication |, :38% }ocsae 1 _ag0e -37° - 37 -24
and Coordination SRR :

{l  Recognitionof |- g8 I .23 20 -30 21 -4 -0 i
Stressor Effects R P : : i
Willingness to .16 .0 .22 .20 .18 -16 .31 -.20

Voice Disagreement B G ‘
R - ! ]
Goal Attainment |} .36 §- -22 | -20 --18 -.16 -.11 -.20
with Own Group '

" Goal Attainment L8 -22 -i2 -39* -27 -.08 -.13

with Other Groups

n = 18 Shaded area aze months concurrent with the training (and the measurement?; ané unshaded area are the months following training.
Note: These items score lower when performance is positive thus the direction of the statstics should be negative.
*p<c.B05 " p< Ol

6.7 RESULTS SECTION 3: THE RELATIONSHIPS BETWEEN THE TWO-MOCNTH
FOLLOW-UP QUESTIONNAIRE SCALES AND MAINTENANCE UNIT
PERFORMANCE MEASURES

The same eight performance measures are examined again, using the matched group of
maintenance managers’ two month follow-up questionnaires. Although Tables 6.12 through
6.19 are arranged in the same manner as Tables 6.4 through 6.11 above, they differ in the
performance periods preceding, concurrent with, and subsequent to the survey. Because the
follow-up surveys {for the present sample) took place between October 1991 and February
1992, the first two performance perieds (Jun/Jul, Aug/Sept'21) are "pre-survey,” Oct’91-Mar92
are “concurrent” with the survey, and Apr-Jul'92 are subsequent to the training. As in the
preceding section the performance measures will be examined for "Efficiency.” "Safety” and
"Dependability,” respectively.

6.7.1 "Overtime Paid to Total Wages"

Table 6.12 shows a similar absence of results for two-month follow-up attitudes as those
presented above for post-training attitudes and gveriime performance. Oznly one significan:
relationship is noted in Table 6.12, between recognition of stressor effects and June/July
1992 overtime. In fact, the trainers had rated overtime as only moderately sensitive to the
traming effects. A more powerful impact on overtime may originate from upper management
policy and dictum. Using the data from both Tables 6.4 and 6.12, that assumption seems
substantiated.
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Table 6.12 Spearman-Rho Correlations between Two Month Follow-up CRM/T0OQ Results
and Maintenance Efficiency Performance % Overtime Paid to Total Wage'

Jun/Ju? Aung/ Oct/ Dec/ Feb/ ﬁrl Jun/dul i
1991 Sep Nov Jan Mar ' 4 1992 |i
Sharing Command 00 20 <06 .07 _12
Rasponsibility
£ .. 3" - i E
Communication -.09 -.16 SRRt NN PR < -8 -11 07
and Coordination S ; i, oo
Recognition of .09 21 p -02 ﬂzz o -12 -.38%
Stressor Effects I | o
|  Willingness to -15 -.09 ceagsdee 1 s -15
Voice Disagreement I
Goal Attainment -03 .07 Poop0 4 03 30
with Own Group R
Coal Attainment -11 -.14 R v S N -1B -21 20
with Other Groups o S

n=32. If}haded svea are months coneurvent with the two maonth follow-up survey for the sample <i training patticipants examined.
Note: These items score Jower when performance is positive, thus the direction of the statistics should be negative.
*pc 05 =pc.

6.7.2 "Number of Ground Damage Incidents"

This safety measure in Table 8.13 shows ten sigaificant associations, in the expected direction,
between "Recogniticn of Stressor Effects,” "Sharing Command Responsibilify,” and goal
attainment, after the CRM training, but concurrent with the iwo month follow-up survey.
Recognition of the effect of stressors on decision making is also related to the performance prior
to the two month follow-up questionnaire, as are the two goal attainment scales.

Table 6.13 Spearman-Rho Correlations between Two Month Follow-up CRM/TOQ Results
and Maintenance Safety Performance for Ground Damage'

[ Jun/Jul Aug/ Oct/ Dec/ Feb/ Q.&r! Jun/dul
| 1991 Sep Nov dan Mar May 19952
Sharing Command -22 -.25 -3 =18 ~A4* -.18 -.18
Responsibility
Communication -.37 -21 -5 s :2) -Z7 -37 -.26
and Coordination .
Recognition of 12 ~47* ~18 -49* -43* -.28 -1l
Stressor Effects
Willingness to 05 -.04 e -03 18 -.30 -.00
Voice Disagreement
Goal Attainment -.1¢ «53** -28 1 .46* - &5% -22 -37
with Own Group E
Goal Attainment -23 -62%* ~18 43* ~44% -01 0.4
with Other Groups

n=18 ’Shaded ares are months concurtent with the two month follow-up servey for the sample of training perticipants sxamned.
Note: These items score lower when performance is posttive, $hus the direction of the siatistics should be naggtive
*p<.05 * pc.0]
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6.7.3 "Occupational Injury Days Lost"

Only three significant relationships are seen in Table 6.14, which is only barely above chance
probability. "Willingness to Veice Disagreement” is correlated with this performance, both
before and after the survey period. One of the goal attainment scales is also significantly

correlated with this safety-related performance indicator.

Table 6.14 Spearman-Rho Correlations between Two Zionth Follow-up CRM/TOQ

Results and Maintenance Safety Performance for Qccupational IDJU_I_?:

Jun/Jul A Dee/ Feb/ Apr/
1991 S:%l Jan Mar P-&y
Sharing Command 06 08 290 a8 1 o7 03
Responsibility . :
Communication - 04 -.15 «87 a8 17 .65 -.22
and Cocrdination C o
Racognition of 03 02 01 1T -.08 .19
Stressor Effects o o
Willingness to -.38* -12 -38 " 08 -3¢ - 42%* -17
Voice Disagreament T -
Goal Attainment -.06 -.20 B Y R " 00 -07 04
with Own Group R
Goal Attaix ment -10 -15 -33% .04 I8 -08 01
with Other G-oups

n = 28. Shaded area are months consurtent with the two month bllow-up sarvey for the sample of frajning participants examined.
Note: These 1.»ms score lower when performance 15 positive. thus the diraction of the statistics should be negative.
*pa 5. **pc.Di

6.7.4 "Departures within Five Minutes"

This pattern of results for departures within 5 minutes in Table 6.15 differs from that shown
for the immediate post-training survey. This two-month follow-up shows "Sharing Command
Responsibility” is still positively related to 5 minute departures. The relationship between
depariures within 5 minutes and both assertiveness and goal attainment within ones' own
group, though, is much more sustained over time. There is very clearly an effect of
assertiveness ("Willingness to Voice Disagreement") and goal atiainment within work units,
upon on-time departures.

6.7.5 "Departures within Fifteen Minutes”
Table 6.16 Departures within 15 minutes shows the same pattern of results as departures

within 5 minutes. That is, command respousibility, assertiveness, and shared goals withi
the group are positively and significantly related to this "dependability.”
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Table 6.15 Spearman-Rho Correlations between Two Mor:th Follow-up CRM/TOQ

Results and Mainterance Dependability Performance for Departures within Five Minutes
- A e e T

| Jun/dul Aug/ Cet/ Dec/ Feb/ ﬁrl Jun/Jul
| 1991 Sep Nov Jan y 1992
l Sharing Command | .54%* 27 Eomeq 45* 40
Responsibility S
Communication -.06 -.18 .18 .21 -.02
and Ceoordinztion .
Recognition of B3 17 ~.31 27 .26
Stressor Effects
Willingness to 645 Gt L. . gges B B 554+
Voice Disagreement oo )
Goeal Attzinment A3* .53 - BIF L5 T 32 49*
with Own Group
Goal Attainment -03 J0 20 25 21 04 24
with Other Groups % .

n = 17 Shaded area are months concurrent with the two month follow-up survey for the sample of training participanic examined.

*pe 0B <l

Table 6.16 Spearman-Rko Correlations between Twn Month Follow-up CRM/TOQ Results

and Maintenance Dependability Performance for Departures within Fifleen Minutes

Jun/Jul i Aug/ Cot/ Decf Feb' ﬁ;;ri JaalJul
1991 Sep Nov Jan Mar v 1692
Sharing Command A42¥ 23 24 23 05 4A5* 34
Responsibility
Communication 31 -23 -17 B0 30 -30 11 !
and Coordinstion
Recognition of 31 .13 21 18 -7 10 33
Stressor Effects
Willingness to 62%* E5%* JT4F ST A5¥ 0 AT*
Voice Disagreement
Goal Attainment A2* 52% BI* SR .y il 8t 48~
with Own Group
Goal Attainment 01 12 .18 24 25 a7 32
with Other Groups _

n = 17. Shaded area are months concurrent with the two month follow-up survey for the sample of training perlicipants exaruned
P A o) R P pa

*oc (5, pa .0

6.7.6 "Departures within Sixty Minutes”

Similar to the other dependability measures, departures within 80 minutes continues to show
significant positive correlations with command responsibility and assertiveness as shown in
Table 6.17. Shared goals, however, is no longer strongly associzted with dependabiiity
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performance. In addition, the communicatior & coordination scale shows a significant
negative relationship with 60 minute depariures following the survey, that is, faverable
attitudes toward communication and coordination two-months after {raining, are correlated
with poor €0 minute departure performance.

Table 6.17 Sgearran-Rho Correlations between Two Month Follow-up CRM/TOQ
Results and Maintenance Dependability Performance for Departures within Sixty Minutes

Jun/Fut Augf Oct/ Dec/ Fab/ Apr/ Jun/Jul
1501 Sep : 1992
Sharing Command 46% 23 36
Rosponsibility
Communication -25 -.18 .16
and Coordinstion
Recognition of 35 22 39
Stressor Effects : A
Willingness to L6 B3 | ot ] iesr T ige- 1 s 3t
Voice Disagreement S ' )
Goal Aitainment .38 37 - 23 40 A8 -13 25
with Owx Group ' o )
Goal Attainment - 10 07 3 H2 i 38 1 -38 28
with Other Groups

n=17. Shaded area aye months concrzrent with the two month fohiow-up survey for the sample of training participents examined.
*pc.B5 " pc il

6.7.7 '"Flight departures not Canceled, but over Sixty Minutes Late"

The pattern is consistent and negative for sharing command responsibility depicted in Table
6.18. Anecdotal evidence suggests that the maintenance control department often directs line
maintenance t0 hold an aircrafi and its passengers and to require periodic updates of
departure times, resuiting in delays of over an hour. This protracted and indirect
arrangement for holding a flignt causes local maintenance employees and managers to feel
impotenut, and probably obliged to provide unrealistic departure time estimates regardless of
their ability to do so. The negative, largely concurrent, relationships in Table 6.18 suggest
that as more aircraft are ield over one hour in an attempt to repair them, line station
management feel that command responsibility is not shared; rather, it is usurped by others.
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Table 6.18 Spearman-Rho Correlations between Two Month Follow-up CRM/TOQ
Results and Maintenance Dependability Performance for Departures within Sixty
Minutes, Not Canceled

——

Ii Jun/dul Aug/ Oct/ Dec/ Feb/ Apr/ Jun/dul

1991 8ep Nov Jan Mar May 1992

Sharing Command | -64%% | .21 S5 (57 36
Responsibility B
Communication 24 -.06 . .31 29 a6
and Coordination '
Recognition of -31 09 :';3- 32 .4 ::-138 ~-30 -.32 .39
Stressor Effects ' ‘ :
Wiklingness to .14 30 b 02 1.1 -3t -.40 31
! Voice Disagreement L RO i
Goal Attainment 07 a8 booa9 ] e w0t -9 25
with Own Group ' '

Goal Attainment 23 .10 | o8 28 04 37 28
with Other Groups

n = 17. Shaded ares are months concurrent with the two month follow.up survey far the sample of irainmg pasticipants ezamined
L *
pe.05.%pc 01

6.7.8 "Flights Delayed Duec to Late from Maintenance”

Like its counterpart (Table 6.11) for the immediate post-training guestionnaire data, Table
6.19 shows a pattern of significant correlations in the expected directions. Differences
between the two, however, are revealed in an increase in effect of "Recognition of Stressors™
for this follow-up measure, and the disappearance of any effect of follow-up "Communication
& Coordination” with this dependability indicator. "Goal Attainment with Own Group”
measured two months after training is also significantly correlated with this performance
index.

8.7.9 A Note on the Different Patterns

The patter::s of relationships with maintenance performance between the post-training
surveys and the two-month follow-up questionnaires for this same sample are different.
These differences have been noted, but they require some explanation. Whereas the post-
training survey represents virtually all the CRM training participants in 1991, the two-month
survey was returned by approximately 55% of participants, and I.D. codes could be matched
with the post-training set for about 80% of those. Although this is a very good return for
such surveys, it is nonetheless limited. Examination of the demographic characteristics of
the two-month follow-up sample reported here shows that some station (city) locations are
over-represented, and some occupations and hierarchical levels are under-represented
whereas others are over-represented. In particular the propertion of assistant maintenance
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supervisors for several large cities is lower for the two-month follow-up than for the post-
training questionnaire. These proportions, in turn, contribute to the differences in the work
unit mean scores or the "assertiveness” and "command responsibility” scales between the two
surveys.

Table 6.19 Spearman-Rho Correlations between Two Month Follow-up CRM/TOQ
Results and Maintenance Dependability Perf~rmance for Delays Due to Late from

Maintenance’
M e —— % ——— -
Jun/Jul Aug/ Oct/ Dec/ Feb/ gri Jun/Jal
1991 Sep Nov Jan Mar v 1982
Sharing Command | -.61%* 25 b a8 ) ame . owaso] a7 WYL
Responsibiliity 3 o Cp TR :
L e
Communication -.05 -.01 ) 00 ~.30
and Coordination T
if . }
Recognition of -56** -.38 . -39 -85+ -.45%
Stressor Effects
Willingness to .33 -40* .23 08 ~20 .43 13|
Voice Disagreement ) i
Goal Attainment -57** - 59%* -£2%* -~.40 -55 -27 -.45*
with Own Group
Geal Attainment -.19 -31 ~49* -24 40 -.20 -30
with Other Groups E
e

n= 18. Shaded area are months concurrent with the two month foliow-up survey for the sample of trmming participants examined
Note. This perforrmance 1tem scores lower when performance 1s pantive. thus the direction of the statistes shogld be negative
*pc .05 **p< DI

6.8 RESULTS SECTION 4: TRENDS IN MAINTENANCE PERFORMANCE
TWELVE MONTHS BEFORE AND TWELVE MONTHS AFTER THE ONSET OF
CRM TRAINING

To study the trends in the eight maintenance performance indicators 12 months before and
12 months after the commencement of the CRM training, comparisons are presented here.
There are two trend lines in each of the Figures 6.3 through 6.10. Each figure presents one
of the eight performance indicators. One line in each figure estimates the trend for the 12
months preceding CRM training and the other line shows the trend after the onset of
training. The discussion below will focus on the post-training trends for the performance
categories of efficiency, safety and dependability.

6.8.1 Efficiency
6.8.1.1 Overtime Wages Paid

One trend analysis was conducted for efficiency concerning the performance measure of
aovertime. Figure 6.3 shovwss that the trend of overtime expenses for the 12 months following
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June 1921 (the onset of the CRM
training) improves at a faster
rate than it had in the 12
months preceding. Improved
cost performance appears
coincident with the training, and
may be affected by it.

6.8.2 Safety

Two trend analyses were
performed for the safety
performance measure consisting
of ground damage  and
occupational injury. These are
shown in Figures 6.4 and 6.5.

6.8.2.1 Number of Ground
Damage Incidents

Figure 6.4 shows a clear
reversal of trends for the number
of ground damage incidents, in
the year before and the year afler
June 1991. Reduced ground
damage incidents is clearly
related in time to the CRM
training.

6.8.2.2 Occupational Injury
Rates

Occupational injury rates, shown
in Figure 6.5, already show a
sharp decline in the year
preceding the training, but the
injury rates remain low during
the following year. The training
may have some effect on keeping
these rates low.

© PRE TRAINING =~ POST TRAINING

Figure 6.3 Efficiency Overtime (Time Series)

—

0 2445845
0 194534E ;

0 1445346

q

0 0945946

00445348
6

Figure 6.4 Safety Ground Damage (Time Series}

1990 | 1851 H 1392

£ oRE TRANING S POST TRAINNG

Figure 6.5 gafety OCccupational Injury (Time Series)
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6.8.3 Dependability

Five trend analyses were conducted for the depencability performance measures regarding
departure times and delays due to maintenance. These are shown in Figures 6.5-6.10.

6.8.3.1 "Departures within
Five Minutes of Schedule"

Figure 6.6 shows a slightly
higher level of performance,
overall, in the post-training year,
but the performance was trending
up in the year preceding the
training. The apparent effect of
the CRM training on 5 minute
performance overall is te maintain
pretraining performance levels.

6.8.3.2 '"Departures within
Fifteen Minutes of Schedule”

The pattern in Figure 6.7 shows
a similar trend to departures
within 5 minutes. That is,
performance improves (the trend
is up) in the year preceding the
onset of CRM training. and that
performance remains high and
stable in the year following. Like
departures within 5 minutes, the
overall effect of the CRM training
on 15 minute performance is
cloudy, although results from the
foilow-up survey demonstrates the
relationship between assertiveness
and dependability {(¢f., Tables
6.15-6.16).

1

09517518

———,. '3

5 nsasms('
e

osnrse -
H |
09367518 p——tp—ri——r——p————
6 8 10 12 2 4 & B 1B 12 2 4 B B 1
1530 i 1593 1 1892
DATE
€ PRE TRANING ~HEPOST TRAINING

Figure 6.6 Dependability Departure in 5 Minutes
{Time Series)

T

63717693

0 9657639 —d : +—— $ S l +
s
1290 i 1941 } 1292

& prs TRARNNG —2—POST TRAINNG

Figure 6.7 Dependability Departure in 15 Minutes
{Time Series)
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6.8.3.2 '"Departures within
Sixty Minutes of Schedule”

In Figure 6.8, the performance
remains the same (quite
undifferentiated) between the
year preceding and the year
following the onset of CRM
training. The training appears to
have no impact on this
performance.

6.8.3.4 "Flights Delayed over
Sixty Minutes, but not
Canceled”

The trend lines in Figure 6.9
show a very similar slope
between the before- and after-
training time periods. Here zlso
the training appears to have
neither positive nor negative
impact on this performance
indicator.

6.8.3.5 ‘“Frequency of Late
Filights due to Maintenance.”

No appreciable improven ent in
"Late from Maintenance” is noted
in Figure 6.10 for the year
following the onset of CRM
training, although the trend is
toward improved performance
during both years.

930 | 1991 ] 1887

€ PRE TRANING —%- POST TRAINING

Figure 6.8 Dependability Departure in 60 Minutes
(Time Series)

£ PRE TRAMNING — POST TRANING

Figure 6.9 Dependability Flights Not Cancelled {Time
Series)
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Figure 6.10 Dependability Late From Maintenance
{Time Series)
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68 RESULTS SECTION 5: MANAGERS SELF.REPORTS OF BEHAVIOR
CHANGE: WRITTEN COMMENTS FROM THE POST-TRAINING AND
FOLLOW-UP CRM/TOQ

Twe open-ended questions were askd of the maintenance managers concerning the intended
use of the CRM training and its app.’cation to the job. What follows are the results of these
two questions. The full sample available by July 1992 is employed in the following analysis.

6.9.1 Intended Use of CRM Training

On the post-training, two, six, and twelve month follow-up guestionnaires, participants were
asked to write their respenses io & question concerning how they expected to use the CRM
training on the job. Content coding of the answers to this question resulied in four categeries
of response: "Better listening;" "More awareness of others;" "Dealing better with others;" and
"Better communication.” These categories represent two types of self-perception of potential
behavior change: the first two categories show a “passive” improvement made within the
person, while the last two categories show an "active” transfer of information by direct
interpersonal approaches.

6.9.1.1 "How will You Use the 7
CRM Training” }i !

Figure 6.11 presents the results
of the guestion, coded into the
categories, for all four
measurement waves. 4s the
figure shows, expectations for all
four categories are low in
approbation as measured by
frequency of response (none of
the four categories accounts for

“ZMme DMy

:
-
H
] ‘
POST TWO MO MO TWELVE WD

as much as 25% of those SURVEY TIVME
answering) immediately | mem pe &~ Seter Lommunc ~— Seteruster
following the training. In the Ez;é;f R Mo Awee T Seterw Gmes
subsequent waves of =

Figure 6.11 Percent Written Responses - How
Training will be Used: Post, Two, Six, and Tweive
Months

measurement in the months
following, the two ‘“passive”
categories show a flat and low
pattern, whiie two active”
categories (dealirg beiter with others and better commumication} increase. "Dealing better
with others” includes statements such as more "problem solving activities,” "team werk.” and
"group consensual decision making.”  The shifiing pattern from passive and reactive
involvement, to more active information transfer and working with others is clearly shown
in Figure 6.11.
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6.9.2 How Training was Used on the Job

For the sample of participants who returned the two, six and twelve month follow-up
quesiicnnaires, responses to the question of how they actually used the CEM training ca the
job were content coded. The trainses’ self-perception of behavior responses were coded in the
same four categories as the other open ended question regarding the intended use of the CKM
training.

6.9.2.1 "How did you Use the
CRM training?"

Figure 6.12 presents the
graphed percentages of how the
training was used on the job for
the survey periods of two, six and
twelve months. Better listening u

AZxZmoymY

tended to decrease in reported
percentage from 20% for two
months to 17% for six months

~ - ot '
and 13% for twelve months. The TWO MO Mo TELT MO
ther passive category, "be move SURVEYTIME
oene pfssth " g ry’dbe tabi —- Beter Commun: —f=- Bener Listen
aware of others, S;- owed astable § o, . - Sane: u Obers
pattern over time for the two and  { =% =

six month survey perieds and
increased to 23% for the twelve
month survey period. The active
category of “dezal better with
others” displayed high percentages for both two and six months {25% and 21% respectively)
and rose substantially for twelve months with 40%. Better communication also showed 2
high percentage of use, for all three follow-up questionnaires. These open-ended responses
appear to confirm that improved interpersonal behaviors have resulted from the positive
attitudes that followed the training. Furthermore, the preferred behaviors tend to have
shified from those people could do by themselves {e.g., "be a better listener” and "being more
aware of others”}), to behaviors that involve others, such as "communicating berter” and
"dealing better with others.”

Figure 6.12 Percent Written Responses - How
Training was Used: T'wo, Six, and Twelve Months

6.9.3 Otker Evidence for Improved Eehavior Patterns Following Training
6.9.3.1 Anecdote Concerning Behavior Change

The use of anecdota! data for reporting irainees’ behavior change on the job and the
application of the knowledge learned from the training is recommended by Blakesiee «1982)
and Ford (1888). One such anecdotal case involves 2 long-term employee who was planning
to quit due to the supervisor's management style. After attending the CRM irzining course
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and returning to work, the boss's style changed considerably. The supervisor was appareatly
acuively applying the concepts of the CRM training to the work envircnment. Only afler this
supervisor had actively committed to this new management style, did the employee decide
not to quit the company. After this incident occurred, and the emplovee’s turn to at'znd the
CRM came, the change in the supervisor's behavior was described to the training facilitators.
The employee commented that what had happened to the supervisor must be atiributable to
the CRM training. The employee siated that the boss's behavior had obviously changed after
the training and now reflected many of the CRM principles and concepts in daily work.

6.9.4 Specific Reactions to the Course It..c}f -- Suggestions for Its Improvement
6.9.4.1 Good Aspects of the Trairing

On the post-training and two, six and iwelve month follow-up CRM/TOQ, there was 2n open
ended question consisting of "what aspects of the training were particularly good?® The
participants written-in responses were content coded and the categories of comments with
the highest frequencies were selected and percentages calculated. The five resulting
categories inciude specific CRM course topics and they are shown in Table 6.20. Ail four
survey pericds including post-training, two, six and twelve month part.cipants responses are
presented in Table 6.20. Results for these four survey periods indicated that the Strength
Development Inventory or perscnality {behavioral) style self-analysis exercise had the highest
reported enthusiasm for all four survey periods.
Table 6.20 Written-in Responses Indicating Particularly Good Aspects of Training for
Post-training, Two, Six and Twelve Month Follow-up

| SURVEY PERIOD
ﬁ Post. Two Month i Six Month Twelve Month
: training Follow-ugp Follow-up Follow-up
Response
Swrength Developmen: 17% i 1% 8% 15%
Inventory !
Communication 9% 3% 14% 18%
Listening Skills 8% ; 3% 5% 8%
| Asserpiveness { 1% % 497 z 2% 5%
i Stress Managemnt 0% T i 10% %

For the post-training survey period. the asseriiveness module was rated as the second
highest, {particulariy good? aspect of the CRM training. Also, for the post-training survev
results, the siress management iraining module was rated nearly the same by the
participants, followed by the communication and listening skilis modules.

pont
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6.9.4.2 Training Improvements

The open-ended question "what do you think could be done io improve the training?” was
asked in order to gain information to make the CRM training course better. All of the
participants’ writien-in :esponses were content coded and the categories of comments with
the highest frequencies were selected and percentages calcalated. Results of the content
coding indicating how the training might be improved for the three survey periods of post-
training, two, six and twelve month are shown in Table 6.21. For the post-training survey
period, the largest category of responses was that the training does not need any
improvements; "do nothing” or "it's fine as it is.” Second in order was the comment that the
participants would like more training similar to this or "bring us back for follow-up training.”
Aszahie 8.21 shows, the other four categories for the post-training survey were all similar
in frequency.

Table 6.21 Percentage of Written-in Responses Indicating How Training Might be
Improved for Post-training, Two, Six and Twelve Month Follow-up

SURVEY PERICD
g Post- Two Month Six Month Twelve Month
training Follow-up Follow-up Follow-up

§ Response

il Needs Ncthing 35% 18% r 12% 4%
More Training & 11% 27% 28% 2e%
Foilow-np

: More Role Playing 7% 11% 4% %

H Adé Time o Training 7% 5% 4% 5%
More Case Studies 5% T% = 8%
Better Mix of 8% 5% 7% 5%

ELPaz':icipants

Results of the participants’ responses for the two, six and twelve months foliow-up survey
period showed that the largest single category of comments was for recurrent training and
{"bring us back for follow-up training"i. The next largest response category for all three
surveys was the "needs nothing” responses. These comments seem to indicate that most
respondents showed approval of the program and perhaps more important, wanted more
training like it. Participants in roughly similar propoitions to their posi-training responses.
suggested more role playing and case studies, adding more time to the training and having
a better mix of participants.
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6.9.4.3 General Analysis of Open Ended Responses

Analysis of the open ended guestion pertaining to the particularly good aspects of the CRM
training seminar, indicates that for all four survey time periods the participsnts found the
strength development inventory or analysis of ones’ behavioral style to be particularly good.
In this training module, the participants were given information concerning their behavioral
style with the implications of thai style for human interactions and management practices.
Furthermore, it appeared that learning ones' behavioral style under various workloads and
conflict situations heightens the awareness and appreciation of how people will react and
manage. Many maintenance managers wrote that having understocd ones’ behavioral style
brought a sense of clarity of how other people were responding to them under various
leadership end working situations. Also, understanding one's boss's behavioral style alerted
them of why the boss was managing the work units in a particularly way. The siress
management, assertiveness and communication training modules were all mentioned as
particularly good aspects of the CRM training. It follows from this that afier the trainees
understood their own behavioral style and their boss's behavioral style, learning how to
become more assertive, manage stress better and communicate more effectively under
stressiul conditions was deemed importani. Active listening skills assisted the technical
manager in better communicating and understanding the working situation.

Over time, the design of the CRM training program was still considered as "fine” and it
“needs nothing.” What was clearly being stated by the participants was the need for more
training and follow-up courses that incorporated more role playing exercises, along with more
case studies. It appears, by what they report 1o practice over time, that the technical
managers have attempted to apply as much as they can to their work environment; now they
want some more constructive practice and study on how to further improve their resource
management skills. A refresher course on ¢rew coordinaiion concepts skills seems to be
important to these maintenance managers. Many of them indicated that they would like to
work more with the professionals in this area of CRM and interact with other technical
managers in practicing and applving these skills. These datz are comnsistent with
developments in the company to produce a follow-up CRM course for these managers.
including a broader mix of participants, more "real life” case studies and more role-playing
exercises.

Other written-in comments reinforce the generally positive response 1o the training. Several
of the participants wrote that because this course was well designed and delivered. it was the
first time they did not fall asleep in the training seminar! The authors observed several of
the {raining sessions, and noted a high level of activity and involvement of the participanis

We observed that averyone was actively participating and interacting with others du-ing the
course exercises. Many of the managers were taking notes in the:. training manua: and
studying the material during breaks. Several of the participants stated that they went home
and discussed the material with their family members and commented on how the course
material could be reasonably easy in applying it to their home situation as well as a1 work.
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6.10 CONCLUSIONS

The combined resuits of the five major analyses reported here reveal a strong and positive
effect of the maintenance management CRM training after its first full year of
implementation. Although all maintenance management perscnrel have not yet been
trained, a sizable portion of them have. Additionally, a full 12 months of post-training
performance data provide a good sample of performance effects following the onset of
training.

The stability of the follow-up measures for individual respondents is established, aithough
there appears tc be some sampling effect in the follow-up data caused by a variable return
rate by station and hierarchical level.

Many individuals report changing their behavior to take advantage of what they learned in
the CRM training. Most measures of maintenance performance improve in the year following
the onset of the training when compared with the same period before the training.
Furthermore (despite the sampling effect noted above), the improved attitudes toward sharing
responsibility, coordinating, speaking up, and recognizing stressor effects are significantly
related to concurrent and subsequent maintenance performance.

Additional survey daia have been, and continue to be, collected in the months following
training. Larger sample sizes and longer time periods will become available for analysis in
the coming months and we expect some of the variability in longitudinal group data to
decrease. Based on the time-lagged results shown in the present report we can expect to see
even stronger evidence for the power of the CRM training in improving safety in the future.
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A Human Factors Guide for Aviation Maintenance

CHAPTER SEVEN
A HUMAN FACTORS GUIDE FOR AVIATION MAINTENANCE

7.0 INTRODUCTION

Maintenance for air carriers is conducted under a myriad of pressures caused by strict
flight schedules, new aircraft technologies, aging aircraft issues, personnel working
conditions, and economic factors. Irrespective of these pressures, the quality of
maintenance must be high if industry safety standards are to be achieved. Also, the
efficiency of maintenance must be high if the airline industry is to remain economically
viable. These industrial imperatives can cnly be met with a maintenance workforce that
is both productive and rigorous. Maintenance tasks must be accomplished expeditiously
and accurately. A Human Factors Guide can be valuable in supporting and enhancing the
performance of aviation maintenance personnel and thereby aid in meeting the industry's
goais.

The Federal Aviation Administration (FAA) program on Human Factors in Aviation
Maintenance is developing, as one end product, a guidebook presenting human factors
information to support the work activities of maintenance technicians. The philesophy of
the guide is that a maintenance technician represents one operating element in a
"maintenance system,” with other elements being the aircraft, the maintenance facility,
supervisory forces, and maintenance equipment. In this context, we need to know the
"operating characteristics” of the technician just as we would those of any other operating
element. Information is necessary concerning the capabilities and limits of humans, the
effect of environmental factors, and the way in which humans cperate most effectively in
a human-machine relationship. In short, we need to understand the "human factors” of
aviation maintenance.

The Human Factors Guide was prepared on the basis of stated preferences of
maintenance personnel. This was done to ensure that the guide is usable and that its
potential for helping maintenance is not degraded by problems of acceptance or by its
physical characteristics. Selection of topics and the presen-ation of materials was guided
by information obtained through a series of FAA-sponsored human factors meetings as
well as input gained from a participatory panel of maintenance personnel.

7.1 STATUS OF HUMAN FACTORS GUIDE

During the past twelve months, the Human Factors Guide for Aviation Maintenance has
progressed through the following stages: (1) Concept Definition; (2) Methodology
Development; (3) Bata Collection and Analysis, Data Synthesis and Abstraction, and
Draft Section Authoring; (4) Advanced Technical Data Solicitation; and (5)
Preliminary Draft Review. Copyright and Permission Approvals are being obtained as

required.
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Concept Definition was addressed through two means that involved key members of the
air carrier maintenance community: (1) A topic selection meeting and (2) a data gathering
phase.

The topic selection meeting was held in January 1992 prior to the convening of the Sixth FAA
Meeting on Fuman Factors Issues in Aircraft Maintenance and Inspection. Attendees
included invited individuals representing the interests of experienced Air Transport
Association Inspection Panel Members, manufacturers, carriers, unions, universities, the
FAA and FAA suppori contractors. The topic selection meeting resulted in preliminary
recommendations relative to the Guide’s scope and purpose, primary target audience, writing
style and tone, and suggested topical sections.

During June-July 1992, a concept definition for the guide was sought from 60 key
members of the air carrier maintenance community. Information solicited was designed to
ensure that the real needs of aviation maintenance personnel would be met and that the
Guide would be authored and constructed consistent with likely end-vser needs. The
information obtained addressed issues of target audience identification, as well as Guide
content, size, and style.

A detailed analvsis of information obtained from the air carrier representatives was
presented in August 1992 at the Seventh FAA Meeting on Human Factors Issues in Aircraft
Maintenance and Inspection: “Science, Technology and Management, A Program Review”
Also included as part of the presentation was a methodology development strategy, along
with a prototype topical section on Area and Task Lighting. Subsequently, draft Guide
sections have been developed using the outline shown in Table 7.1.

Table 7.1 Outline_a_ for Human Factors Guide Sections

» Importance of Topic in Industrial Operations

*  Industrial Experience

* Related Research
¢ Application in Aviation Maintenance

* Industry Practices

*  Opinionnaire/Audit/Research Findings
» Human Factors Guidelines

»  Brief Discussion

e  Specific Guidelines

il » Procedures for Evaluating the Situation
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Also, as part of methodology development, a broad ocutline for the entire Guide was
established, including the following:

Part I. Introduction

Part II: Maintenance and Inspection

Part III: Workplace Design

Part IV: The Human Operator

Part V: Workpiace Issues.
Data Collection and Analysis, Data Svnthesis and Abstraciion, and Draft Section
Authoring has progressed sequentially for all sections of the Guide. Primary data sources
are shown in Table 7.2.

Table 7.2 Primary Data Sources

¢ Proceedings from the FAA Meetings on Humar Factors Issues in Aircraft
Maintenance and Inspection

s Aviation maintenance manufacturers and carriers

* Professional journais and publications

* Copyrighted human factors and performance enhancement textbooks and
publications

* Professional society and/or association conference proceedings E
* Government and Professional guidelines and standards

* National Research Council, Committee on Human Factors

e University human factors and behavioral technology research laboratories and
aviation maintenance programs ﬁ

Information was 2bstracted and synthesized, with concepts and ideas condensed to present
key information concisely. Relevant information is presented in either a bullet format orin
short listings and statements. Illustrations are used to support textual material, as
appropriate.

Advanced Technical Data. Because of the technical nature of some Guide sections, data
were solicited from organizations such as the Industrial Engineering Laboratory, State
University of New York at Buffalo; ATA Committees on Standardized/Simplified Language
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and Maintenance Manua! Data/Format; the Equal Employment Opportunity Commission;
and the U.S. Department of Health and Human Services.

A preliminary review of draft Guide sections was held at BioTechnology on 9 March 1993,
The meeting's purposes were to {1) review the draft Guide and (2) to discuss efforts needed
to bring the Guide to completion. Issues addressed at this review meeting included a final
discussion of target audience to ensure that sponser and contracior personnel were in full
agreement; illustrations and photographic support; Guide size, cross referencing, and format;
copyrights and approvals; air carrier and air manufacturer aviation maintenance technical
review comments; and publication, printing, and distribution issues.

Many, but not all, copyright and permission requirements have been identified {e.g., for
scanned images, photographs and quoting/abstracting more than 500 words of ccpyrighted
textual material). A complete audit of each Guide section relative to copyright obligations
continues. To date, letters have been sent tc 35 publishers. Fourteen have responded
positively.

Not all copyright and permission letters have been prepar¢d. Of those copyright and
approval letters for which responses have been received, Table 7.3 is a composite summary
of permission requirements established by publishers:

Table 7.3 Permission Requirements

* Publishers require copyright credit lines.
¢ Permissions typicaliy:

. Are restricted to print reproduciion only and do not include electronic
media or any type of electronic format

e  Are limited to the English language distribution (some publishers
restrict distribution to the U.S,, its tarritories and dezpendencies, the
Philippines, and Canada; other publishers allow distribution in the
English language world-wide)

¢ Do not extend to any copyrighted materials credited to other sources

»  Are non-exclusive and are not transferable

. Require one copy of the final work tc be nrovided to the publisher

¢  Require that any changes to the draft submission be approved

*  Require a signed agreement.
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The Human Factors Guide for Aviation Maintenance will undergo final review by the Federal
Aviation Administration during 1994. The Guide will be available to the air carrer
maintenance mndustry upon completion of the review cycle and subsequent publication.
Distribution of the Guide wili be controlled through the Office of Aviation Medicine, Federa!
Aviation Administration.
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CHAPTER EIGHT
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