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1.1 EXECUTIVE SUMMARY

The Automated System of Self-Instruction for Specialized Training (ASSIST) is a computer-based
training system for aircraft inspection. The product of this research and development is the
software. ASSIST is published as two CD-ROMs and is available through the EAA website. This
report describes the development process and the functionality of the software system.

1.2 INTRODUCTION

The Chapter is divided into four major sections. The first section provides the background
information on the development of the Automated System of Self-Instruction for Specialized
Training (ASSIST)—a computer based training tool for aircraft inspection. The section describes
how previous years research efforts guided the development of the ASSIST program. The second
section provides a detailed description of the ASSIST program. The third section introduces the
reader to the evaluation effort and outlines the methodology used to evaluate this system. Sections on
performance and usability analysis describe the results of the evaluation effort. The fourth section
outlines the role of training in inspection and individual differences in inspection performance. This
is followed by the methodology used to conduct the individual differences study and its detailed
results. The research was jointly pursued with two industry partners — Delta Air Lines, Atlanta, GA
and Lockheed Martin Aircraft Center, Greenville, SC to ensure that it was relevant and addressed the
needs of the aviation community.

1.3 BACKGROUND

The aircraft and inspection/maintenance system is a complex one with many interrelated human and
machine components.8,12 The linchpin of this system, however, is the human. Recognizing this, the
Federal Aviation Administration (FAA), under the auspices of the National Plan for Civil Aviation
Human Factors, has pursued human factors research. In the maintenance area this research had
focused on the aviation maintenance technician (AMT). Since it is difficult to eliminate errors
altogether, continuing emphasis must be placed on developing interventions to make inspection and
maintenance more reliable and/or more error tolerant. Inspection is affected by a variety of entities.
These entities include large international carriers, regional and commuter airlines, repair and
maintenance facilities, as well as the fixed-based operators associated with general aviation. An
effective inspection is seen as a necessary prerequisite to public safety, so both inspection and
maintenance procedures are regulated by the U.S. Federal Government via the EAA. Investigators
conducting this study found that, while adherence to inspection procedures and protocols is relatively
easy to monitor, tracking the efficacy of these procedures is not.
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1.3.1 The Aircraft Maintenance Process

The maintenance process begins when a team that includes representatives from the EAA, aircraft
manufacturers, and start-up operators schedule the maintenance for a particular aircraft. This initial
process is called the Maintenance Review Board (MRB). These schedules may be, and often are,
later modified by individual carriers to suit their own scheduling requirements. These maintenance
schedules are comprised of a variety of checks that must be conducted at various intervals. Such
checks or inspections include flight line checks, overnight checks, and four different inspections of
increasing thoroughness, the A, B, and C checks and the most thorough and most time-consuming, D
check. In each of these inspections, the inspector checks both the routine and non-routine
maintenance of the aircraft. If a defect is discovered during one of these inspections, the necessary
repairs are scheduled. Following these inspections, maintenance is scheduled to 1) repair known
problems, 2) replace items because the prescribed amount of air time, number of cycles, or calendar
time has elapsed, 3) repair previously documented defects (e.g. reports logged by pilot and crew, line
inspection, or items deferred from previous maintenance), and 4) perform the scheduled repairs
(those scheduled by MRB).

In the context of an aging fleet, inspection takes an increasingly vital role. Scheduled repairs to an
older fleet account for only 30% of all maintenance compared with the 60-80% in a newer fleet. This
difference can be attributed to the increase in the number of age-related defects.8.12 In such an
environment the importance of inspection cannot be overemphasized. It is critical that these visual
inspections be performed effectively, efficiently, and consistently over time. Moreover, 90% of all
inspection in aircraft maintenance is visual in nature and is conducted by inspectors, thus inspector
reliability is fundamental to an effective inspection. As in any system that is highly dependent on
human performance, efforts made to reduce human errors by identifying human/system mismatches
can have an impact on the overall effectiveness and the efficiency of the system. Given the backdrop
of the inspection system, the objective of this particular study was to use training as an intervention
strategy to reduce inspection errors.

1.3.2 Using Human Factors to Improve Aircraft Inspection Performance

An analysis of the inspector's role in inspection has pointed to a number of issues (e.g. inspector-
oriented issues, environmental design issues, workplace design issues, etc.).8.15 These issues have
been continually addressed by the FAA.13 Research conducted under this program has identified
several ergonomic changes to both the system and to the inspector. System changes have included
improved work control cards and crew resource management interventions.11,17 Inspector-oriented
interventions are 1) selection and 2) training. The current research concentrates on training and
specifically the use of advanced technology for training as an improvement strategy.

1.3.3 The Need for Computer-based Inspection Training

Aircraft inspection and maintenance are an essential part of a safe, reliable air transportation system.
Training has been identified as the primary intervention strategy in improving inspection
performance. If training is to be successful, it is clear that we need to provide inspectors with
training tools to help enhance their inspection skills.

Existing training for inspectors in the aircraft maintenance environment tends to be mostly on-the-
job (OJT). Nevertheless, this may not be the best method of instruction.16.18 For example, in OJT
feedback may be infrequent, unmethodical, and/or delayed. Moreover, in certain instances feedback
is economically prohibitive or infeasible due to the nature of the task. Thus, because the benefits of
feedback in training have been well documented,20 and for other reasons as well, alternatives to OJT
are sought. Furthermore, training for improving visual inspection skills of aircraft inspectors is
generally lacking at aircraft repair centers and aircraft maintenance facilities. However, the
application of training knowledge to enhance visual inspection skills has been well documented in
the manufacturing industry. Training has been shown to improve the performance of both novice and
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experienced.20,21 Visual inspection skills can be taught effectively using representative
photographic images showing a wide range of conditions with immediate feedback on the trainee’s
decision.20 Using realistic photographic images as a training aid in controlled practice with feedback
has also been shown to be superior to only OJT.22

Thus, off-line training/retraining with feedback has a role to play in aircraft inspection training. One
of the most viable approaches for delivering training given the many constraints and requirements
imposed by the aircraft maintenance environment is computer-based training. Computer-based
training offers several advantages relative to traditional training approaches; for example, computer-
based training is more efficient, facilitates standardization, and supports distance learning. With
computer technology becoming cheaper, the future will bring an increased application of advanced
technology in training. Over the past decade, instructional technologists have offered numerous
technology based training devices with the promise of improved efficiency and effectiveness. These
training devices are being applied to a variety of technical training applications. Examples of such
technology include computer-based simulation, interactive videodiscs, and other derivatives of
computer based applications. Compact disc read only memory (CD-ROM) and Digital Video
Interactive (DV1) are two other technologies which will provide us with the "multi-media” training
systems of the future. Many of these training delivery systems such as computer aided instruction,
computer based multi-media training and intelligent tutoring systems are already being used today,
thus ushering in a revolution in training.

In the domain of visual inspection, the earliest efforts to use computers for off-line inspection
training were reported by Czaja and Drury.28 They used keyboard characters to develop a computer
simulation of a visual inspection task. Similar simulations have also been used by other researchers
to study inspection performance in a laboratory setting. Since these early efforts, Latorella et al. and
Gramopadhye, Drury and Sharit have used low fidelity inspection simulators using computer
generated images to develop off-line inspection training programs for inspection tasks.22,33
Similarly, Drury and Chi studied human performance using a high fidelity computer simulation of a
printed circuit board inspection.29 Another domain, which has seen the application of advanced
technology, is that of inspection of x-rays for medical practice. In summary, most of the work in the
application of advanced technology to inspection training has focused on developing low fidelity
simulators for running controlled studies in a laboratory environment. Thus, research efforts need to
be extended in order to take full advantage of today’s computer technology. Moreover, advanced
technology has found limited application for inspection training in the aircraft maintenance
environment. Presently, most of the applications of computer technology to training have been
restricted to the defense/aviation industry for complex diagnostic tasks. The message is clear: we
need more examples of the application of advanced technology to training for inspection tasks that
draw upon the principles of training which we already know will work. In this vein, this report
describes a university and industry collaborative research effort to develop an off-line computer
based inspection-training system for aircraft inspectors. The specific objective of this research was to
develop an inspection training system that would help improve the visual search and decision
making skills of aircraft inspectors. The computer based inspection training program entitled
“Automated System of Self Instruction for Specialized Training” (ASSIST) was developed in
cooperation with Lockheed Martin Aircraft Center and Delta Air Lines (Eigure 1.1). A brief
description of the system follows.
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Figure 1.1 ASSIST Title Screen

1.4 DEVELOPMENT OF THE ASSIST PROGRAM - YEAR 1

The development of the ASSIST program followed the classic training program development
methodology (Eigure 1.2). It began with a thorough analysis of the requirements and needs (goals) of
the training program. The task analysis, along with the trainee analysis, were used to compare the
knowledge and skills required by the task with those possessed by the inspector to determine gaps
which need to be addressed by the training program. Patrick has identified the training content,
training methods and trainee as the important constituents of the training program.41 Drury includes
the training delivery system as another component of the training program.42 Although a
considerable amount has been written about designing training systems18.41 very little focuses
directly on enhancement of visual inspection skills. Embrey states that for any training program to be
effective, it should address the following three issues: attitude of the trainee at work, knowledge
required to perform the job, and the specific skills required to perform the task.50 Specific training
methods incorporated in development of the ASSIST program are described below.21,52

1. Pre-training: Pre-training provides the trainee with information concerning the objectives and
scope of the training program. During pre-training, pretests can be used to measure (a) the level at
which trainees are entering the program and (b) cognitive or perceptual abilities that can later be
used to gauge training performance/progress. Advanced organizers or overviews, which are designed
to provide the trainee with the basics needed to start the training program, have been found to be
useful. The elaboration theory of instruction proposes that training should be imparted in a top-down
manner wherein a general level is taught first before proceeding to specifics. Overviews can fulfill
this objective by giving the trainee an introduction to the training program and facilitating
assimilation of new material.
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Figure 1.2 Model for Training Program Development in Commercial
Aviation

2. Feedback: A trainee needs rapid, accurate feedback in order to know whether a defect was
classified correctly or a search pattern was effective. Some attempt of performing the task followed
by feedback with knowledge of results provides a universal method of improving task
performance.20 This applies to learning facts, concepts, procedures, problem solving, cognitive
strategies and motor skills. The training program should start with immediate feedback, which
should be gradually delayed until the "operational level"” is reached. Providing regular feedback
beyond the training session will help to keep the inspector calibrated. Gramopadhye, Drury and
Prabhu classify feedback as performance and process feedback.52 Performance feedback on
inspection typically consists of information on search times, search errors and decision errors.
Process feedback, on the other hand, informs the trainee about the search process, such as areas
missed. Another type of feedback called "cognitive feedback™ has emerged from the area of social
judgement theory. Cognitive feedback is the information provided to the trainee of some measure of
the output of his or her cognitive processes. For inspection tasks, process feedback is the same as
cognitive feedback.

3. Active Training: In order to keep the trainee involved and to aid in internalizing the material, an
active approach is preferred. In active training, the trainee makes an active response after each piece
of new material is presented, e.g., identifying a fault type. Czaja and Drury used an active training
approach and demonstrated its effectiveness for a complex inspection task.28

4. Progressive Parts Training: Salvendy and Seymour successfully applied progressive part
training methodology to training industrial skills.53 In the progressive parts methodology, parts of
the job are taught to criterion and then successively larger sequences of parts are taught. For
example, if a task consists of four elements E1, E2, E3 and E4, then the following would follow:

Train E1, E2, E3 and E4 separately to criterion
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Train E1 and E2; E3 and E4 to criterion
Train E1, E2 and ES3 to criterion and E2, E3 and E4 to criterion
Train the entire task to criterion

This method allows the trainee to understand each element separately as well as the links between
the various elements thus representing a higher level of skill. On the other hand, reviews of literature
reveal that part task training is not always superior. The choice of whether training should be part or
whole task training depends on "cognitive resources" imposed by task elements and the "level of
interaction” between individual task elements.18 Thus, there could be situations in which one type of
task training is more appropriate than the other. Naylor and Briggs have postulated that for tasks of
relatively high organization or complexity, whole task training should be more efficient than part
task training methods.56

1. Schema Training: The trainee must be able to generalize the training to new experiences and
situations. For example, it is impossible to train the inspector on every site and extent of corrosion in
an airframe so that the inspector is able to detect and classify corrosion wherever it occurs. Thus, the
inspector will need to develop a "schema™ which will allow a correct response to be made in novel
situations. The key to the development of schema is to expose the trainee to controlled variability in
training.

2. Feedforward Training: It is often necessary to cue the trainee as to what should be perceived.
When a novice inspector tries to find defects in an airframe, the indications may not be obvious. The
trainee must know what to look for and where to look. Specific techniques within cueing include
match-to-sample and delayed match-to-sample. Feedforward information can take different forms
such as physical guidance, demonstrations, and verbal guidance. Feedforward should provide the
trainee with clear and unambiguous information, which can be translated into improved
performance.

1.4.1 Task Analysis

The development of the ASSIST Program followed the classic training program development
methodology. It began with a thorough analysis of the requirements and the needs or goals of the
training program. The next step was to establish the training group and identify the trainers and
participants who would be involved. Next, a detailed task analysis of the job was conducted to
determine the knowledge, skills, and abilities necessary for the job in order to specify the behavioral
objectives of the training program. These objectives became the basis for evaluating the training
program. The next step was to define the criteria against which the inspectors would be trained and
their performance measured to meet the quality goals. The abilities of the incoming trainees were
compared to the requirements imposed by the task to determine the gaps and, hence, define the
contents of a training program that would help close these gaps and meet the defined criteria. At this
stage, the appropriate training delivery system, i.e., the instructional technique such as Tutoring, OJT
or Computer-Aided Instruction had to be chosen. Once the training system was designed and
developed, was evaluated to determine it met the ultimate goals. The designer choose criteria to be
used for evaluation, identified a method and protocol for collecting evaluation data, and analyzed the
data to draw conclusions about the effectiveness of the training program.

Following this step, a detailed taxonomy of errors was developed from the failure modes of each task
in aircraft inspection (Table 1.1). This taxonomy, based on the failure modes and effects analysis
(EMEA) approach, was developed because of the realization that a pro-active approach to error
control is necessary for the identification of potential errors. Thus, the taxonomy was aimed at the
phenotypes of error, that is, the observed errors.36 Using the generic task description of the
inspection system, the goal or outcome of each task was postulated (Table 1.1). These outcomes then
formed the basis for identifying the failure modes of each task, and including the operational error
data gained from the observations of inspectors and from discussions with various aircraft
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maintenance personnel, collected over a period of two years. Later the frequency of error was
estimated, after which the consequences of the errors on system performance were deduced. The
error taxonomy provided the analysts with a systematic framework to suggest appropriate content for
the ASSIST training program. The ASSIST training program specifically focused on the search and
decision- making components of the inspection task. These have also been shown to be determinants
of inspection performance and the two most critical tasks in aircraft inspection.9,10,21.62

Table 1.1 Task and Error Taxonomy for Visual Inspection (e.g. decision component)

TASK ERRORS OUTCOME
DECISION
4.1 Interpret indication. Classify as wrong fault type. All indications located are correctly classified,
correctly labeled as fault or no fault, and actions
correctly planned for each indication.
4.2 Access comparison standard. Choose wrong comparison standards.

Comparison standard not available.
Comparison standard not correct.
Comparison incomplete.

Does not use comparison standard.

Type | error, false alarm.

4.3  Decide on if fault. .
Type Il error, missed fault.

Choose wrong action.

4.4 Decide on action. Second opinion if not needed.

No second opinion if needed.

Call for buy-back when not required.

Fail to call for required buy-back.

Forget decision/action.

45 Remember decision/action Fail to record decision/action.

1.4.2 Structure of ASSIST

The overall structure of the ASSIST program is divided into three modules: General Module,
Simulation, and Instructor’s Module (Eigure 1.3). The ASSIST training program is divided into the
following subtasks: decision-making task, the training content of ASSIST that addresses this task,
the method by which the content is presented, the module in which the content is presented, and the
error addressed from task analysis, which is identified from the error taxonomy (Table 1.2).
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Figure 1.3 Components of the ASSIST Aircraft Inspector Training Program

Table 1.2 ASSIST Program: Showing Errors Addressed for the Decision Task

ASSIST TRAINING PROGRAM

http://hfskyway.faa.gov/HFAMI/Ipext.dIl/FAA%20Research%201989%20-%202002/1...

TASK CONTENT OF ASSIST METHOD PROGRAM ERROR ADDRESSED FROM
MODULE TASK ANALYSIS
DECISION
4.1 Interpret Present examples of Active and General Classify as wrong fault type
indication defects and identify in Feedback Module,
simulator Simulator
4.2 Access Use simulator to access | Active and General Choose wrong comparison
comparison information on defects, |Feedback Module, standards
standard locations, and action Simulator )
Comparison standard not
available
Comparison standard not correct
Comparison incomplete
Does not use comparison
standard
4.3 Decide on if it's | Use simulator with real Progressive parts, | Simulator Type | error, false alarm
a fault defects and feedback Active, and
Feedback Type Il error, missed fault
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4.4 Decide on Complete NR card with Active and Simulator - Choose wrong action
action Feedback in correct way to | Feedback
fill out card
4.5 Remember Enter multiple defects and | Active and Simulator - Forget decision/action
decision/ action complete NR card with Feedback
feedback - Fail to record decision/action

System Structure

ASSIST consists of three major modules: (1) the General Inspection Module, (2) the Inspection
Simulation Training Module, and (3) the Instructor’s Utilities Module. All system users interact
through a user-friendly interface, which capitalizes on graphical user interface technologies and
human factors research on information presentation (e.g., color, formatting, layout, etc.), ease of use,
and information utilization.

System Specification

The ASSIST program needs at least a Pentium 100, with a 166 Pentium or faster suggested. A
minimum hard drive space of 220 MB is required with at least 24 MB of memory, with 64 MB being
the suggested memory. It runs on a Windows 95, or higher, operating system. The program also
requires a SoundBlaster compatible sound card and 8X CD-ROM. The display requirements are 640
X 480 resolution with a high color (16 bit) palette. The system's input devices are a keyboard and a
mouse.

General Module

The objective of the general module, which presents information through text, pictures, audio, and
video, is to provide the inspectors with an overview of the following sub-modules: (1) role of the
inspector, (2) safety, (3) aircraft review, (4) factors affecting inspection, and (5) inspection
procedure. The module is based on presenting information through various media of text, pictures,
audio, and video. At the end of each sub-module is a three-question quiz to reinforce the
information learned. Development of the General Module was an iterative process involving regular
feedback from industry partners on the content of each sub-module. Below are detailed descriptions
of each sub-module.

Introduction

The Introduction sub-module allows the inspector to log in to the program (Eigure 1.4). If this is the
first time the inspector has used ASSIST, the inspector’s record is created in the student database and
a brief introduction to the program is shown. This introduction emphasizes the importance of the
inspector’s role in aircraft maintenance and the need for good training. If the inspector has used the
ASSIST program before, the navigation sub-module is displayed.
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Figure 1.4 Login Screen for the ASSIST Training Program

Navigation

The Navigation sub-module allows the inspector to move between the sub-modules of the ASSIST
program. It displays the five content sub-modules on the left of the screen and their parts in the

center (Eigure 1.5).
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Figure 1.5 ASSIST Navigation Map for Moving within the General Module

Role of Inspector

The Role of Inspector sub-module covers topics dealing with the role and scope of the inspector’s
job including information on the definitions of an inspector according to the Federal Aviation
Regulations (EAR), the scope of the inspector’s work, the and inspection tools--flashlight,
magnifying glass, scraping knife, and mirror (Eigure 1.6).
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Safety

The Safety sub-module covers the two major areas of safety related to the inspector’s general
environment: safety in the maintenance hangar and safety issues specific to the inspector. Topics
include hearing safety, accessing the aircraft, and foreign object damage (Eigure 1.7).
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Figure 1.7 Introduction to the Safety Sub-module

Aircraft Review

The inspector goes through a review of various aircraft that are in production and in service today in
the Aircraft Review sub-module. A general discussion of defects and their potential frequency in the
aircraft is followed by a review of the major commercial aircraft from Airbus, Boeing, Lockheed-
Martin, and McDonnell Douglas (Eigure 1.8).
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Factors Affecting Inspection

The Factors Affecting Inspection sub-module covers the various factors that can affect the inspector,
including environmental, subject, process, and information factors (Figure 1.9). Detailed
information is presented for each.
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Figure 1.9 Menu of Factors Affecting Inspection Sub-Module

Inspection Procedure

The Inspection Procedure sub-module covers information pertaining to the inspection task itself,
including the levels of inspection, the terminology, the appearance of the defect, and the procedures

for inspection (Eigure 1.10).
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Final Test

After completing all sub-modules, the inspector takes the Final Test at the end of the General
Module (Eigure 1.11). This test contains 20 multiple choice questions covering all the topics in the
General Module. The results are stored in a database, which can be accessed by the instructor for
later analysis.
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B ASSIST Inzpection Procedure Quiz

Figure 1.11 Sample Question from the Final Test of the General Module

Inspection Simulation Training Module

This module of the training program provides inspection training on a simulated aircraft inspection
task: the Aft-Cargo bin inspection of a Lockheed Martin L-1011. By manipulating the various task
complexity factors—the shape of the viewing area, the spatial distribution of faults, the fault
probability, the fault mix, the fault conspicuity, the product complexity, the and fault standards--the
instructor can simulate different inspection scenarios. The simulation module uses actual
photographs of the airframe structure with computer-generated defects.

Introduction

The introduction provides the trainee with an overview of the various facets of the program, the
work card for the inspection assignment, and a representation of various faults (Eigure 1.12).
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‘b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Craclcs

Locations:

near nvets, joints, any area of
stress

Indicators:

chipped paint, near holes, hghty
stressed points

Previous |
[efent Mext Defect |

Figure 1.12 Potential Defects that may Occur in the Simulator

Testing

The testing module is designed to operate in two separate modes: with and without feedback, with
the non-feedback mode simulating the actual visual inspection task as it would take place on a
hangar floor. In either mode, the inspector first locates the defect and then indicates it by clicking on
the fault. Subsequently, the inspector classifies the defect by filling out a Non-routine Card. In
feedback mode, the inspectors are provided with feedback on their performance on the search and
decision-making components of the inspection task. The trainee is also provided with feedback at
the end of the performance. The program also features paced and unpaced modes. The paced mode
allows the inspection to continue for only a specified period of time, while the unpaced mode allows
the inspection task to be unbounded by time. In the simulator, the inspector can use four inspection
tools: scraping knife, magnifying glass, mirror, and flashlight (Figure 1.13). These tools
appropriately change the inspection image and potentially reveal defects that would not be seen by
the unaided eye.
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¥ ASSIST Inspectson S imlalo

A

+
ol e
SRR ) e

st 1 745
rnger 3

Figure 1.13 Using the Flashlight in the ASSIST Inspection
Simulator

The Instructor's Utilities Module

The module is designed as a separate, stand-alone tool that is linked to the other modules of the
system. It gives the instructors access to the results of the final test in the general module and the
simulator allowing them to review the performance of a trainee who has taken several training and/or
testing sessions (Eigure 1.14). The module is designed as a separate stand-alone tool that is linked to
the other modules of the system. Performance data from the simulator is stored on an individual
image basis and summarized over the entire session so that results can be retrieved at either level.
The utility allows the instructor to print or save the results to a file, thus providing the instructor with
a utility where a specific image along with its associated information can be viewed on the computer
screen.
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& Instructor's Module

Figure 1.14 Main Menu of the Instructor’s Module

In addition, this module has a simulation setup utility, allowing instructor to create different
inspection scenarios by manipulating the inspection parameters (Eigure 1.15). This utility allows the
instructor to change the probability of defects, the defect mix, the complexity of the inspection task,
and information provided in the work card, thereby varying the feedforward information provided. In
addition, the inspector can chose the feedback (Eigure 1.16) or non feedback mode and the pacing of
the inspection.
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& Instructor's Module

M amie's DownloadzhCUAS SIS TAD atabazehSimtacbdemao. mdb

1011120

Aft Carga Bin - Und

afthird. rtf

Inzpection of Aft Ca

Figure 1.15 Simulator Setup Utility

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/1... 1/31/2005


http://hfskyway.faa.gov/HFAMI/lpext.dll/FAA

NextPage LivePublish Page 22 of 111

ASSIST - Inspection Feedback

=

- & _&

O Missed Defect Falsely Detected Area O Corredctly |[dentified Defect
Areas Inzpected Inspection Time: . R
) . e eturn !u
0z 100z Inzpection
Station 1665,
Stringer 33

Figure 1.16 Feedback Information Given by the ASSIST Program

Inspection Training Session

The training program was designed to use the general principles listed earlier in the context of this
particular inspection job as derived by the task analysis. A major prerequisite was that it be a
progressive part training scheme to enable the inspectors to build their repertoire of knowledge and
skills in an orderly manner. A typical training session proceeded as follows:

1. Initial Overview: Initially, the subjects used the introduction module, wherein they were
introduced to the navigation map and familiarized with the operational aspects of the computer
program.

2. General Module Training: In the general module the subjects were provided with information
on the following five topics: the role of the inspector, safety, aircraft review, the factors affecting
inspection, and the inspection procedures. Using the navigation map, the subjects either directly
went to a particular topic or sub-topic or followed the default path through the topics. At the end of
each topic, a brief quiz was administered to review the subject's understanding of the material. The
subjects were provided with feedback and correct answers. On completion of the topics in the
general module, the subjects took the final test, consisting of questions selected from a database
covering material from each topic within the general module.

3. Simulation Module: In the simulation module, subjects were initially introduced to the
workings of the simulator. Following this step, the subjects were presented with a work card
containing the instructions for the inspection assignment. Next, the subjects were provided with
information on defect standards, including images of the defects, descriptions, likely locations for
particular defects, and possible indicators. Following this step, the subjects conducted the inspection
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using representative images of airframe structures wherein they had first search for the defect and
later classify it as one necessitating maintenance action or not. The simulator allowed the use of
various inspection tools: a mirror, flashlight, scraping knife, and magnifying glass to assist the
subject in performing the inspection (Eigure 1.13). Following the inspection, subjects completed a
non-routine card (Figure 1.17). On completion of the task, subjects were provided with feedback on
their overall performance in regard to the subject's search and decision-making performance, for
example, the time to complete inspection, the defect detection, and the defect classification
performance. The simulator can be operated in various modes (e.g., with or without feedback, paced
or unpaced) and it allows the instructor to set various inspection parameters (e.g., the mix of defects,
the defect probability and the workcard instructions), thereby facilitating the creation of different
inspection scenarios.

TigerAlR Discrepancy Card |

Originated by Itemm:

Bl Looze Hardware, Station 1665, Stringer 38

Authorized by

h-'leu:h& Corection;

|nzpectar:

Sernal Mo, OFF:;

Serial Mo, Orc Date: Job Hurnber: Card Mumber:

— [&n000 [ 1486 [ o | coea |

Figure 1.17 Non-routine Card Used to Record an Identified Defect

1.4.3 Conclusions

This section described research in the area of aviation maintenance and inspection pursued at
Clemson University. Through the development and systematic application of human factors
techniques, the research aimed at improving the effectiveness and efficiency of aircraft visual
inspection. The results of the research effort have been made available to the aviation maintenance
community as deliverable products in the form of usable CD-ROMs (ASSIST software). The use of
these products will lead to improved airworthiness of the U. S. domestic aircraft fleet. Subsequent
phase of this research evaluated the utility of ASSIST in an operational setting with aircraft
inspectors.

1.5 EVALUATION OF ASSIST - YEAR 2

The development of ASSIST software demonstrates the application and the use of advanced
technology for aircraft inspection training. Following the development, a detailed evaluation was
conducted to determine the effectiveness of its use as part of Year 2 activities. The objectives of this
evaluation were two-fold:

1. To evaluate the effectiveness of using computer-based aircraft inspection training, specifically
the ASSIST system, in improving inspection performance, and

2. To conduct a detailed usability evaluation of the ASSIST software.
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Accordingly, the study was divided into two parts, with one focusing on performance evaluation and
the other on usability evaluation. The methodologies supporting the evaluation are detailed below:

1.5.1 Methodology

Subjects

The subjects for this study consisted of 18 inspectors from the team partner’s facilities who were
paid their full hourly rate by the company for their participation. Those selected had different levels
of inspection-related work experience (six subjects with less than one year of experience, six
between one and 10 years, and six with more than 10 years of experience). The subjects were
randomly assigned to one of the following two groups, the control group or the trained group, so that
each had subjects with an equal distribution of work experience:

Control Group: Subjects assigned to this group did not receive any inspection training.

Trained Group: These subjects received training on both the general aspects of inspection as
well as feedback training on a computer-simulated inspection task using the ASSIST software.

Experimental Design

The study used a mixed between and within subjects design. The training condition, training or no
training, was the between subject factor whereas the pacing condition, paced or unpaced, was the
within subjects factor (Table 1.3).

Equipment for Computer Simulation

The experiment was conducted using Hewlett Packard personal computers with a Windows NT
Workstation 4.0 operating system and an Intel Pentium Il processor operating at 300 Mhz. The

subjects viewed the stimulus material at a resolution of 800x600 pixels/inch from 20 inches and
responded to the stimulus material using a two-button mouse.

Stimulus Material

The stimulus material for the study consisted of the general and simulation modules of the ASSIST
training program. This multimedia computer-based program developed to train aircraft inspectors on
inspection skills was used to simulate the inspection tasks and to collect performance data.

Table 1.3 Assist Experiment Protocol

Knowledge Test ASSIST Training
Consent Demographic Section I: Section I1: Simulation Simulation test Training Training Simulator Test
form survey Short . . trial & demo general simulator
Multiple choice
Q&A test
Unpaced Paced Unpaced Paced
Description 7 questions on  Short answer 30 questions Parameter set:  Parameter set: ~ The ASSIST  Parameter Parameter set:
of Protocol topics such as  questionson  total (faken  -No feedback General set:
Stage age, experience, from the 1st test- Module (All 1st test-
certification, and ~ G€neral ASSIST ~Unpaced five sup- 32 screen ~Unpaced
training _aircraft software) modules) ~ Scenario-
inspection (Small -No feedback -Unpaced -No feedback
introduction P
to the ASSIST -Feedback

software and
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the simulated 2nd test- 2nd test-
inspection . .
environment) -paced using mean -Paced using mean
of 1st test of 1st test
-No feedback -No feedback
9 subjects X X X X X X X X X
Trained
9 subjects X X X X X X N/A N/A X
Control
Procedure

At the outset all the subjects completed a consent form (Figure 1.18) and a demographics
questionnaire (Figure 1.19) which solicited information on the subjects’ backgrounds, ages and
experience in inspection. Following this step, all subjects completed a two-section knowledge test
with Section 1 consisting of short essay-type questions and Section 11 of multiple choice questions
(Figures 1.20 through 1.22). Both sections of the test collected user information on the subjects’
prior knowledge of aircraft inspection.
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[MFORLED CONSENT STATEMENT FOR AUTONATED SELF-PACED SYSTER FOR
[MSTRUCTICHAL SUPPORT AND TRAINING (ASSIST)

INFORIWVIATION

Wou hawve been irvited fo parficipate in a research study entitled The ASSIST Esalustion Study If you agree to
participate, won will be one of eighteeh subjects at wour facility who will be participating in the stody.  Vour
participation will be on an indnadual basis,

Prior to any actidties, yon will be asked to fill out some personal dernographic inforrmation. ALL [NEORIIATION
WILL BE STRICTLY CONFIDENTIAL.

There are two distinet stages to this research. In the first stage, wou will perform an on-the-job fest and a comgmter-
sitnlated test of aircraft inspection. ¥ou will then recedvre training from a comgrter-based multimedia inspection-
training tatoral. In the second stage, you will perfbrrn another on-the-job test and another corapmter-sirmulated test of
aircraft inspection.

Youwill ako he asked to complete a mubtiple-choice iesthoth before and after training. The scores on your test
will ot he revealed to anyone other than yourself (upon request) and the investigators conducting this research

Thiz study iz not to measare your indnidual ability as an imspector, but rather to measure the effects of our training
e thod.

The termimology used throughowt this research study & meant to he general in nature and mot specific to Delia
Air Lines. If yvou have questions on the terminology giren, please see the training ad minikirators.

ESTIMATED TIME FOR STAGE 1 and TRAINING = 4 HOURS

&t the conclusion of the study o willbe asked to fill ont a guestioxmnsire siing us your opinion of the traiming.

ESTIMATED TIME FOR STAGE 2 =3 HOURS
CONSENT

I hawve been given the opporfunity to ask cuestions sbout this study, answers to guestions (f any) have been
satisfactory

The irdoration in the studsy records will be kept confidential and will be made available onlyto persons conducting
the studsyunless I specifically give perrvission in writing to do othersise. In anyrresults of this stody that are pablished,
I will nothe identified.

In consideration of all of the dboe, [ give oy consent to participate in this research study. T understand that [ may drop
ont of'this stady at ary point if' T so choose.

Tacknosledge receipt of a coprr of this indormed conse nt staterre nt.
SIGHATURE OF SUBJECT
DATE

SIGHATURE OF WITHESS

SIGHNATURE OF INWES TIG & TOR.

Figure 1.18 Consent Form
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Mame
1. Sex Ilale Female
2. Age =20 21-30 31-40 41-50 A0+

1. Howlong have you been at aireraft inspector?
<1 . 1-10 yrs 10 s +
2. Howlong have you been in the aircraft maintenance industry?

=1 . 1-10 ws. 10 wrs +

3. What shift are you currently working?
it ard d
4. Which of the following certificatesficenses do you hawve? (3 elect more than one if approptiate)
Hirframe certificate P ower Plant certificate
Fepairman certificate FCC license

Inspection authorization certificate

5. Where did you receive the m o ority of wowr teckmnical training?
Mlilitary Techtical Schools C ompraty training
6. V¥ our primaryjob function as an inspector is:

HMY Letter check

Figure 1.19 Demographic Survey
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Enowledge Test Section I Short O & A

Ncoring:

Correct Answer —allinformation and texrminoelogy given is correct and complete [score = 5]
Partially Correct Answer — information is incomplete or partially wrong [score = 3]
Wrong Answer — information given iswrong [score= 1]

1.

2

10.

11.

12,

13.

14.

What atre two types of inspection”

Wihat are two types of guality andits? Describe them?

What 15 parts control 7

With regard to noise, what is masking?

What three things can affect the light available for visual inspection?
What 15 the difference between indirect and direct lighting?

What are four things vou can do as an off shift worlcer to combat fatigue?
Mame two types of search strategies and define them. Which 13 better?
What are seven critical task factors that influence inspection petfortnance?

List nine forms that written communication in the aircraft inspection industry may come
from ™

What are five common errors in written commumcation?
Why 15 feedback important? What are the two forms of feedback?

What are two things ou could do if you go to the atea you are to inspect and you can’t see very well do to
poor i ghting?

Wiy iz it somietimes necessary to perform burback inspection?

Figure 1.20 Knowledge Test Section I: ShortQ & A
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ASSIST EVALUATION: MULTIPLE CHOICE TEST (30 QUESTIONS): BEFORE TRAININ

Question 1: Llaintensnce on atitem hasheen completed the area has heen closed, and maintenatice has sighed o
&5 a bune back inspector sou shold:

Ausuret A sigh- of f on the inspection.

Answer B ask the mechanic to open up the area and inspect 1t and then sign off on 1t (ke
inspection)

Autimwret ask another buy-back inspector in the field to sigre off on it

Anzaer D A1 of the ahowe

Question 2: The common inspection tools include all of the following except:

Auimaret A flashlight.

Atsaret B steel scale.

Aprer O magnifyng class.

Atsarer T screvrdriver.

Question 3 When performing an O to close inspection, always remember to:

Anmarer Al Take one last look for defects.

Autswrer B Sign the work card

Lusarer O Iiake sure all toolshave been picked up.

Lutumaret T A1 of the ahowe.

Question 4: Wich of the following tasks relate to the scope of the inspector’s job:

Answer & Provriding explanation 1f the mechanic petforms an incorrect installation of repait.
Atmrrer B Inspectitig the aitcraft and not performing the mechatd ¢'s work.

Amarer O Anmrreting any questions abmat the M o B outine card

Atsarer T A11 of the showe.

Question 5: ¥ o actions while inspecting an aireraft can affect which of the foll oaring:

Anmrer A ¥ o

Autimaret B W ot fellow employees

Anmrer O The airrorthiness of the aircraft
Anmrer T Al of the ahovwe

Quesiion 6: When attempting to inspect inside a pootly lighted bag bin:

Arigwer A Do not be concerned, there is probably enough light to see your way.
Answer B Eeep all the dooes open so light from the hangar can entet.

Ansrer T Ering more fixed ighting equipim ent inside the bag bin,

Angwer I Just vee your flashlight to see.

Figure 1.21 Knowledge Test Section I1: Multiple Choice Test (Continued)
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Quesiion 7:

Anarer A
Anarer B
Anarer O
Answer T

Question §:

Anarer A
Anawer B
Anarer O
S nmrer I

Quesiion 9:

Angwer A
Answer B
Answer O
Anarer D

Quesiion 10:

Anarer &
Anarer B
Anarer O
Angwer [

Quesiion 11:

Anarer A
Anawer B
Anaer O
Angrer D

Question 12:

Anaaer A
Anawer B
Anarer O
Anarer D

Quesiion 13:

Anarer A
Anawer B
Anaer O
Angrer D

Being wery familiat with em ergency equip ent in your area will:

hielp o quickly resolve an emergency situation
let wios escape a danger ous atea.

provide a safe place during emergencies.

Al of the abose

What is the biggest danger of foreign object damage (FODN?

Dranger to the hangar.
Loss of a tool.

Diam age to the aircraft.
None of the abosre.

Which is a long-range 4 engine aircraft?

T37
747
THTaT
777

Which aircraft would be least likelyto have alarge number of defects based on years in service?

LID-20
L-1011
747
£300

isthe dhilityto see detail at wariows distances from the ohject of regard.

Color wision
Visual acuity
Peripheral vision
C ofspd cudty

Facto 8) that moake up an inspector’ s physical enviroriment is (are):

Agmourt of lighting

Wotk design

Aumbient temperature and hoemidity lesrel.
Both & and

Expetietice can be categorized based ot

Mumber of yeats of work
Watiety of wark conducted
Both & and B

Mone of the above

Figure 1.21 Knowledge Test Section I1: Multiple Choice Test (Continued)
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Quesiion 14

Anarer A
Anawer B
Anaer O
Anarer D

Question 15:

Answer A
Answer B
Answer O
Answer I

Question 16:

Answer &

Anawer B
Anaer
Anarer D

Question 17:

Anavrer A
Anawer B
Anavwrer O
Anawer 1

Question 18:

Anaurer A
Anzwer B
Angwer O
Answer D

Question 19:

Anarer A
Angurer B
Angurer O
Anarer D

Givers a fixed titme period, strategies to maintain acowracy when time iz limited are:

Lodd mote inspectors

Inicorpotate a systematic search strategy
Both & and B

Mone of the abhove

It arder for an inspector to propedly perform an inspectior, the inspector:

Must hawve the cotrect equipment and tools available.

Must hawve accessto the required documentation and matnals.
Liust be trained on the proper use of the equipmert and tools.
Al of the ahose

Process factor s refer to:

Elements of the inspecti on process that may either help or hinder an inspector from
histher job.

Organizati onal requirements by an inspector's emplosyer.

Factors regarding the communication of information

Factors that m alie up an inspector' s phiysi cal envir onment.

Where isthe Aircraft Loghook kept?

&t the serwice facility that would vse it the most
Each serwice facility has a copy

With the aircraft both in-flight and during service
2tFAA Headoguatters

Where does an inspector go to pick up the work cards for an inspection ass grom ent?

The wotk dock or the inspection superdsor
Thesy ate dready on the aircraft

The quality assurance departinent

FAA Headguatters

Wi ch type of inspection would be hest suited for wiewing the inside of an engine during ah engine cl
Visual
Eorescope

X -Ray
Coin T ap

Figure 1.21 Knowledge Test Section I1: Multiple Choice Test (Continued)
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Quesiion 20: & check to see whether a unit or system performs within specified limits is called what?

Answer A Final Inspection

Answer B Functional Check

Answer O Ilissed [tem

Aswer T Reguired Inspection Ttem (RID)

Question 21: In addition to being familiar with all inspection methods, techtdques, and ecuipm ent in their
specialty, aitcraft inspectors must:

Answer & maintain proficiency in using various inspection ads intended for that purpose.

Answer B have available and understand current specificati ons invelving inspection tolerances,
limitations, and procedures established by the manufacturer of the product being
inspected and with other information such as FAR s

Answer 0 in cases where mechanical inspection devices are to be used, be shilled in operating
that equipm ent and be able to properly interpret indicati ons.

Ansurer T &1 of the ahove.
Question 22:  Buy-hack inspection steps include all of the following ex cept:
Angwer A Signins off on a workcard if satisfied.

Angrer B: Helping the mecharic complete his of her work.

Answer C

A mechanic requesting an ihspect on.

Angwer I Inspecting the wotk done by the mechanic.

Question 23: When in doubt about a procedure for safety reasons, you should:
Angwrer A Usze your owi judgement.

Angrer B Conault the compaty safety manal.

Angarer G Consult Airwrorthitiess Directives.

Anigwrer D Consult other inspectors in the area

Question 24: For effective heating protection, you showld:

Angwrer A Eonr the blast atid suction zones around a particular aircraft.
Angwrer B Wear earplugs o " earmuffs"

Angirer Wiork frequerntly near the use of a prewmatic rivet gun
Angaer D Al1 of the ghove

Question 25: Which Airbus aireraftis an ultra-long range 4-engine model?
Angurer A A300

Ansurer B A320

Angarer O £330

Answrer T &340
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Question 24:

Answrer A,
AnmrerB.
Anmrer O
Anmrer D

Question 27:

Answrer A,
Answrer B
Anmrer O

Writtern comurard cation in the aircraft inspection industey moay come inthe form of!

Workeards, non-routine cards, and bulletins.

IMamafactirer’ s marmals, OEHA guidelines, and adwvisory cireulars.
FAR®s AT s, and compary procedres.

211 of the abowve

may lead to lowering of quality and perform ance, loss of time and m oney, and frastration.

Work design
Improper commucation
Teamw otk

Anguwrer D Lighting

Question 28:

Angwer A
Answrer B
Anmrer O
Anmrer D

Question 29:

Angwer A
Angwer B
Anewrer O
Anmrer D

Question 30:
oty atl aircraft?

Angwrer A
Angwrer B
Anzarer O
Angrer I

Because of the depth of knowledge and skill s recuired for aviation inspection and mairdenatce
tasks, aheavy emphasis must be placed upot

Job design
Work design
Waorkplace design

Training

Which of the following isWOT considered to be a type of M onDestructive Inspection (HDT)?

Eddy Currernt
Dryre-Penetrart
Vizual Inspection
Coin Tap

Which of these documents would you expect to have information abowt a widely known problem

Significant Stractir al Ttem (55T
Federal Aviation R egu ations (FAR)
Inspection work dock

Discrepancy Report

Figure 1.21 Knowledge Test Section I1: Multiple Choice Test
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ASSIST EVALUATION: MULTIPLE CHOICE TEST (30 QUESTIONS): AFTER TRAINING

Question 1:

Answrer A

Answer B

Anmrer C;
Anmrer D

Question 2:

Anarer A
Anmwer B
Answrer O
Anmrer D

Question 3:
Anmrer A
Anmver B

Anmrer C;
Angrer D

Question 4:

Answer A

Anawrer B
Anmrer C:
Anarer D

Question 5:

Anmrer A
Anmver B
Anmrer C:
Angrer D

Question 6G:

Anmrer A
AnmrerB:
Anmrer C:
Anmrer D

Figure 1.22 Knowledge Test Section I1: Multiple Choice Test (Continued)

http://hfskyway.faa.gov/HFAMI/Ipext.dIl/FAA%20Research%201989%20-%202002/1...

Llantenance on an item has been completed, the area has been closed, and maintetance has

signed off onit. &sabuyback inspector you shod d:

sign-off on the inspection.

ask the mechanic to open up the area and inspect it and then sign off on 1t (based

ofl inspe ol of)
agk another by back ifspector in the field to sign-off on it
A1 of the ahowve

The common inspection tools include all of the followring ex cept:

flashlight.
ateel acale.

magrifying glass.

sorevy driver .

When performing an OF to close inspection, alwaystemember to:

Take ot last lock for defects.

Sign the work card.

Liake sure all tools have been picked up.
211 of the abave.

Which of the following tasks relate to the scope of the inspector™sjoh:

Provriding explanati on if the mechanic performs an incorrect installation or repair.

Inspectitig the aircraft and not performing the mechanic's work.
Angereting ary questions abomat the Non-E owutine card.
&1 of the ahove.

Wonr actions while inspectitnng an aireraft can affect which of the foll owring:

¥ou

Vot fellow employees
The aitvworthiness of the aireraft
All of the ahore

When attempting to inspect inside a poofly lighted bag bin:

Do not be concerned, there is probably enough light to see youwr way
Eleep all the doors open so light from the hangar can enter.

Bring m ore fixed lighting equipmient insi de the bag bin

Just uze your flashlisht to see.

1/31/2005
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Question 7:

Anmrer &
Anmrer B
Anmrer C:
Anmrer I

Question 8:

Anarer &
Anarer B
Anmrer O
Anawrer

Question 9:

Anmrer A
Anmrer B
Anmrer O
Anawrer I

Question 10:

Anarer &
Anarer B
Anarer O
Anarer I

Question 11:

Anmrer &
Anarer B
Anmrer C
Anawrer I

Question 12:

Anawer A
Anawer B
Anarrer O
Anarer I

Question 13:

Anawrer &
Anaret B
Anawer O,
Anmrer I

Eeitig wery fam dliat with emergeney equipmert in your area will:

help ywou quickly resolwe an emergency situation.
let wou escape a dangerous area

froade a safe place duting emergencies.

&11 of the above

Wt is the biggest danger of foreign olject damage (FOD?

Danget to the hatigs
Loss of atool.
Damage to the aircraft
Mone of the above.

Whichis along-range 4 engine aircraft?

737
747
THTIET
7T

Wlich aircraft would be least likely to have alarge mamber of defects based on years in service?

KD-50
L-1011
747
A300

iz the ability to see detail at various distance s from the object of regard.

Colot vision
Wimaal acuity
Peripheral wision
Conspicuity

Factor(s) that make w an inspector’s phyrsical etvviroton ent is (are):

A ount of lighting,

Witk design

At bd ent tem peratire atd bomd diter 1ewel.
Both A and C

Experience can be categotized based o

Mumnber of years of work
Wariety of work conducted
Both & and B

Hone of the ahove

Figure 1.22 Knowledge Test Section I1: Multiple Choice Test (Continued)
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Question 14: Given afixed time period, strategiesto mantain accuracy whentime is limited are:
Anewer A Add mote inspectors

Anewer B Incorporate a systematic search strategy

Angwrer C Both A and B

Anawer [ Hote of the ahove

Question 15: I order for an inspector to propedly perform an inspection, the inspector:

Anewer A Must havwe the correct equipmient and tools available,

Anewer B, Must have access to the required docum entation and m armaal s,
Angwer . Must be trained onthe proper use of the ecquipm ent and tools.
Angarer I &1 of the ahaove

Question 16: Process factors refer to:

Answer & Elements of the inspection process that may either help or hinder an inspector from

deang histher job.
Anewer B, Ot ganizational recuiretm ents by an inspector' s employer.
Angwer . Factors regarding the commurdication of information.
Anewer 1. Factors that make up an inspector's phyrsical ensvirormm end.

Queston 17: Wihete is the Adrcraft Loghook kept?

Anewer A &t the service facility that would use it the most
Anegwer B: Each service facility has a copy

Asigarer O Wilith the airctaft both in-flight and dwing setrice
Anigarer T At FaAA Headoquatters

Question 18: YWhete does ah inspector 2o to pick wp the work cards for an inspection as s grom ent?

Anewer A The work dock of the inspection supervisor
Anewer B: They ate already on the aircraft

Anewer O The guality asswrance depattment

Anewer [ F& 2 Headguarters

Question 19: Wihichtype of ingpectonwould be best suited for Wewing the inside of an engine during an

etiTitie check?
Anawer & Wimaal
Angwer B: Earescope
Angaer X-tay
Anewer O Coin Tap

Figure 1.22 Knowledge Test Section I1: Multiple Choice Test (Continued)
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Question 20:

Anarer &
Anaret B
Anarer O
Anarer I

Question 21:

STEer &
Lngwer B

Anmrer O
Anmarer I

Question 22:

Anmrer A
Anmrer B
Anmrer O
Anawrer I

Question 23:

Anarer A
Anmrer B
Anmrer C:
Anmrer I

Question 24:

Anarer A
Anmrer B
Anmrer O
Anmarer I

Question 25:

Anawrer &
Anawer B,
Anmrer O
Anmrer I

Page 37 of 111

& check to see whether a unit or system petforms within specified limits iz called what?

Final Inispectict

Functional Check

Mlissed Ttem

Reguited Inspection Item (RID

Initial irspection

iz petformed in crder to find any damage after nosmal use of the aircraft
includes receipt of a wotk card, locating the designated area on the arcraft,
searching for defects, showing the defects to mechanics

Both & and B.
Hone of the abowe

Duating an engine nan, you should be most concerned about:

FPersonnel and equipment near the airer aft.
Taviing the aircraft to the test area.
Funning the engines at te st speeds.

Mone of the above

When attempting to access an drcraft forinspection remember to:

Hot worty abowt how old or wnstable aladder looks, just use it
Find a stable platform to climb and enter the aircraft.
Ditive the mobile lifts as close as possible to the aircrafi.

Mone of these.

YWhich aitcraft are tri-]ets?

L-1011
MD-11
T

&and B

The two types of lighting are:

Atroboscopic atnd Hlack,
BElack and white.

Direct and indirect.
Ditect and stroboscopic.

Figure 1.22 Knowledge Test Section 11

: Multiple Choice Test (Continued)
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Question 26: Wl ch statemm ent(s) i are) true abowt moasking,

Anawer & Maskitig can resultin hearing loss.

Answer B. Maslung 15 a condition in which one component of the sound environment
reduces sensitivity of the ear to another component.

Angwer C. An example of masking is the sound of a rivet gun going off which drowns the
sound of the back up alarm on a truck or chenry picker.

Angarer I, Both B andC

Question 27 Teamsin the aitcraft inspection and maintenance errrironment;
Angwer A mhare comin of goals.

Anewer B, Reguite cooperation and commwd cati on

Anewer Hawe more pride in their work.

Angarer I &1 of the ahaove

Question 28: Oy average, how often does a plane come in for alayover check?
Angarer A Ewery 4 years

Anewer B: Ewery 12-13 months

Aneawer & Ewety 3 months

Anewer [ Ewery 3-5 days

Question 29: With wariation by fleet, on average, how often does a plane come in for a service cheek?
Angwer A Ewery 4 years

Anarer B: Aboat 12-13 months

Angarer O &bodt every moanith

Angarer T E-wery night

Question 20: Wihat document is used to record defects found during inspection in the hanga?

Anewer A & wotk card

Anegwer B: & discrepaney report (non-routine card)
Anawrer T & significant structural item (S50
Anigarer T The aitcraft loghook

Figure 1.22 Knowledge Test Section I1: Multiple Choice Test

Following this step, subjects in the both the Control and Training Groups were provided with an
orientation on the ASSIST software. Upon completion of the orientation, only the subjects in the
training group received inspection training through the general and simulation training modules of
the ASSIST software. The general training module consisting of various sub-modules focused on the
following topics: Role of Inspector, Safety, Aircraft Review, Factors Affecting Inspection and
Inspection Procedure (Eigure 1.23). After completion of each sub-module, the subjects” knowledge
of the material was tested through a short Q and A session with subjects being provided with
immediate feedback on their performance and correct answers being supplied to incorrect responses

(Eigure 1.24).
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ALSSIGT Faclors Alfechmg Inapecton

Introduction

e
ey

Subetl Factors

d. b

Figure 1.23 Screen Shot from Factors Affecting
Inspection in ASSIST

Figure 1.24 Sample Question from a Final Test

In the simulation training portion, subjects were provided inspection training on the computer-
simulated aircraft inspection task (Eigures 1.25 through 1.31). Subjects were tasked with completing
the inspection of the Aft-Cargo bin of an L-1011. Initially, subjects were provided with a work card -
- work instructions identifying the inspection task to be completed (Eigure 1.32). Following this step
the subjects were presented with a series of photographic images that constituted a portion of the
Aft-Cargo bin of an L-1011 aircraft (Figure 1.33). Each photographic image displayed on the
computer screen consisted of a single search area. Subjects could navigate from one area to the next
by using the “navigational —aid” provided in the software. As each area was displayed, subjects
visually searched the area for defects and reported their identification by clicking the mouse on
them. Subjects could use four separate tools — a mirror, flashlight, magnifying glass and paint
scraper--to aid them in their search. Upon identification of the defects, subjects completed a non-
routine card similar to the one they would complete during the actual inspection in the hangar
(Figure 1.34). In the training mode, subjects were provided with immediate feedback on their
performance following the inspection of each search area, including feedback on missed defects,
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false alarms (areas incorrectly identified as having defects), the time to complete inspection and the
correctly completed non-routine card (Eigure 1.35).

‘b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Craclcs

Locations:

near nvets, joints, any area of
stress

Indicators:
chipped paint, near holes, hghty
stressed points

Previous
| = N mpmis

Figure 1.25 The Crack Defect Simulated in ASSIST
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‘b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:

Corrosion

Locations:

near floor, jomnts, anywhere
motsture collects

Indicators:

fine grey powder,
bubblingfbulgmg, pamt chipping,

darlc strealts arcund rivets

Previous 217
Defect

Figure 1.26 The Corrosion Defect Simulated in ASSIST
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b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Damaged nvets

Locations:

any rivets m structure

Indicators:

datl hole appears where
hardware should be

Previouz
Defect

Figure 1.27 The Damaged Rivet Defect Simulated in ASSIST
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‘b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Damaged conduits

Locations:

any condut under floors or in
wralls

Indicators:

condut izshapen or bent

Previous
Defect

Figure 1.28 The Damaged Conduit Defect Simulated in ASSIST
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b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:

Delarmnated Terrastrap

Locations:

aty terrastrap

Indicators:

tnetal terrastrap appeats to pull
away from awcraft body

Previouz
Defect

Figure 1.29 The Delaminated Terrastrap Defect Simulated in ASSIST
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b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Dient

Locations:
any tmetallic surface

Indicators:

datle scratch or dent

Previouz
Defect

Figure 1.30 The Dent Defect Simulated in ASSIST
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‘b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:

Loose Hardware

Locations:

brackets, screws, and any other
hardware

Indicators:

space between hardware and

[{ext Defect |

Figure 1.31 The Loose Hardware Defect Simulated in ASSIST
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b ASSIST Simulator - Introduction 2/3

wonCenr | TigerAir Task Card | Codiiunte:

5/9/00 Aircraft L1011 Rewv B 03-18-98

Title: Under Floor Aft Cargo Bin Work Area: Aft Cargo Bin - C3

Mec: | Insg: |1, i 134, B o deillod v Work Card

ispection of aft cargo compartment,
area C3 under floor including all
cotmpotents and systems.

& Pay particular atterition to the fuselage
fail-safle straps for any evidence of
delamination, corrosioty, lifting or
blisteting of straps, or splitting of seal.

B. Pay particular attention to aty sighs of
cotrosioty, such as blisteritiz paint.

C.  Inspect for aty evidence of damage
such as bent or broken components,
sheated ot missing fasteners, or cracks
at stress poitits.

Figure 1.32 Work Card Used to for the Simulation in ASSIST
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‘el ASSIST Inspection Simulator

ASSIST

,.'
/.

Toolbox

.’
Al + El Area Work Card

Starb. Finished Complete

Skation 1725,
Stringer 35

Exit

Figure 1.33 Simulation Module Containing a Picture of the Aft-Cargo Bin

e ASSIST L=zl Simulalm

-
TIII.IIII
+ Mok +
= R Arca Work Card Exit
=hora Finizhed Complele

Slal un 1740,
Sirrgen 47

Figure 1.34 Non-routine card used to Write-up Defects Found in the
Simulator
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D “iggas Defac:

Srass Irspaciad

nx NENNEN

", Inztructor's Module

Student Setup

NN

Slahar T4,
Srgen 40

Figure 1.35 Feedback Provided in the Simulation Module

Simulation Setup

=agaly Detzclaz &Saa O Cormacthy ldetif ed Delect

Ii-zpechion ” m= 1.1
ik,

ASSIST

1234

[nR

First Mame: [ 2hn

Lagt Marne: Sty

Scenarnio Path and Filename

[ amie's DownloadssCIUASSISTAD atabazel Simhdcgobin mdb

—WwWorkCard Setup —Defect Setup — Imitial 5 etup
Frobability of an Image [ 5
Wﬂ&ﬁﬁg_ 1011120 with Zero Defects: | Stat s | B
' [0.0-1.00 '
- Probahility of Lo
Wtk Card R 1B
e Aft Cargo Bin - Und Defect Image: Staty: [
[0.0-1.0)
“WwiotkCard  {L-1011 Probability of Medium [ 15
dircraft Type: Defect Image: Fandom |7
[0.0-1.0 MHumber Seed:
wiorkCard aptehin itf Probability of High
. 17
Tet: Defect Image:
[0.0-1.00
—Task Set
W'Z'fk':*?“'j Inzpection of Aft Ca i el Eerefam T
Title: acing Time:
[T Feedback [T Paced : I
[k ]
Main . Run
Menu Exit | Setup
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Figure 1.36 Simulator Setup Utility Shown for Unpaced Scenario

After completing the training, subjects in the training group and those in the control group performed
the criterion inspection tasks: a visual inspection of 32 distinct search areas constituting one distinct
and logical portion of the Aft-Cargo bin of an L-1011 wherein subjects searched for seven different
types of defects. The probability, location and defect mix were all pre-specified using the parameter
file. Initially, subjects performed the inspection task in the unpaced mode and then in the paced-
mode so that the results of the unpaced trial could be used to determine the actual pacing conditions
for the paced per-lot trial (Eigures 1.36 through 1.37). In the paced mode subjects had a time limit
for completion of the entire inspection task. Subjects were paced based on their individual unpaced
times. To gauge their knowledge of inspection following training, subjects in both the groups
completed the same Sections | and 11 of the knowledge test. Then, to test whether computer-based
training transferred to performance on the job, all subjects completed a hangar floor test (Eigure
1.38) wherein they were tasked to conduct a detailed inspection of the cargo compartment door
(Figures 1.39 and 1.40). After completing this final test, the subjects were debriefed and thanked for
their participation.

Simulation Setup HSS"ST

Student Setup

ID: 1234 Firzt Mame: Jahn Last N-EITIE: Srith
Ccenario Path and Filename |08 amie's DownloadsA\CUASSISTAD atabazehSimAcgobin mdb
WorkCard Setup Defect Setup Initial Setup

Frabability of an Image [ 5
Wﬂ&?ﬂgg_ 1011-120 with Zero Defects: | Start e | B
: [0.0-1.0) '
. Prabability of Law
WhorkCard . B
. Aft Cargo Bin - Und Defect Image: craty: [
[0.0-1.0
WorkCard L1011 Frabability af Medium [ 45
ircraft Type: Defect Image: Fandom [7
[0.0-1.0 MNumber Seed:
WworkCard  aftchin if Probability of High [77
Text: Defect Image:
[0.0-7.0
Task Set
WnrkEafd |mepection af Aft Ca ks LT Pacing Time:
Title: [ Feedback v Paced il :
Main - Run
Menu s ‘ Setup

Figure 1.37 Simulator Setup Utility Shown for Paced Scenario
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Hangar Floor Test

Scoring:

Correct Answer — all stepsare correct and in the correct order [score= 5]
Partially Correct Answer — some stepsare omitted or out of order; otherwise are correct [score= 3]
Wrong Answer — some information provided is incorrect [score = 1]

1. "What are the major steps in initial inspection from beginning to end?
2. Task: Agk the inspector to follow the procedures from time of assi gument by foreman.
Task: Beatch for defects on the doot and have inspector fill out non-t outite work cards.
o  Didyoufollow apattern when A sually inspecting? Describe the pattern
o (for defectslocated) (for defectslocated) Did wou look in certain areas for certain defects, if so why?

3. Presentsimproperly worded non-rostines card and have the inspecter find the errors. [SEE NON-ROUTIHE
CARD]

4. What steps do you take after you finish the inspection of an area?

&, What are three steps in buyback inspection?

Figure 1.38 Hangar Floor Test
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AEY.ATE Lol W )
B35 . — - FRODUCTION COLINT 10-09-28 57116
OMIOFF TOTALS DETAILED INSPECTION OF CARGO COMPARTMENT DOORS m‘sp_n:‘?

1. Inspect FWD. Cargo Donor.
2. Inspect AFT. Cargo Door.
3. [Inspect Bulk Cargn Door.

11 11 11

mﬂl MW B e " HTE Fi-ELL BLBC
| ] I | mm'l e | 1._5" | 12 I fr.ﬂll?-n
1] [ 11 11
SIPTL MNO.

EY.CATE
B 750 i JOF DESCRIFTION 10-09-98 57116
o, | R DETAILED INSFECTION OF CARGO COMPARTMENT DOORS -

1. Inspect FWD. Cargop Door,

. |

£ Z. Inspect AFT, Cargo Doar,
3 3. Inspect Bulk Cargo Door.
PWH RS H— L HY B—— L= 0 TS BB —
— 24201 57116__| 520000 12 1 74
T T | I 1 T I
E-T67 QP XNO. 57116 EEYWORD: Eﬂﬂ:‘l‘_ QFM. IDx 100153541

1.  Inspect FWD. Cargo Door as foliows:
A,  Inspecl Door Stopa and visible adjecent cut-out slructure within aircraft contour,

(1) Pay particuler attantion to Doar Sills and Frama Chonds. (Ref, MPD 5302-100-07E)
{Ref. Figura 2)

2. Inspect AFT. Cargo Door as follows:
A, Inspeci Door Stops and vislble adjacent cut-out siructure within eirzraft contaur.

{1} Pay paricular attantion 1o Door Sills and Frame Chards. (Ref. MPD 5302-700-07E)
(Ref. Figure 1)

3. Inspect Bulk Cargo Door as follows:
A, Ingpect Door Stopa and vislole ad|ecant cut-out structure within elrcradft contaur.
(1} Pay particular alttertion to Boor Sills and Frame Cherds (Ref. MPD £302-100-07Ej
IRef. Figure )

Figure 1.39 Hangar Floor Test: Workcard
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AFT CARGO DOOR CUTOUT (MYPICAL 2 PLACES)

Figure 1.40 Hangar Floor Test : Workcard

Data Collection

Data was collected on the following measures:
Knowledge Tests (Sections | and 11): number of correct responses.

Criterion Inspection task: Inspection time, misses, false alarms, percentage of defects
correctly detected, non-routine card entries.

Hangar Floor Test: performance test focused on inspection conducted in the hangar floor.

1.5.2 Usability and Performance Analyses

Usability Analysis

To test whether the ASSIST software met usability goals, inspectors, supervisors, and training
personnel at aircraft maintenance facilities evaluated the software on specific usability dimensions,
e.g., content, presentation, usefulness and format. Separate usability questionnaires were
administered for the general and the simulation modules (Figures 1.41 and 1.42). The responses were
recorded using a seven-point Likert scale, with one being very strongly agree and seven being very
strongly disagree. The mean scores and standard deviations for each group were recorded (Table
1.4).
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ASSIST: GENERAL INSPECTION MODULE — USABILITY QUESTIONNARIE

Content

1. The amount of inform ati on presented was adecquate.

1

Wery Strongly
Dhizagree

3 4

e utral

5 i} 7

Wersy Strongly
Loree

2

2. The information presented 15 extremely relevant to iy job as an tnspector

1 2 3 4 5 f 7
WYery Strongly Meutral WYery Strongly
Dizagree Laree
3. The subjects were well covered.

1 2 3 4 5 i} 7
Wery Strongly Meutral Wersy Strongly
Chsagree Loree
4. The irformation preserted was under standable.

1 2 3 4 5 i} 7
Very Strongly Meutral WYery Strongly
Dhsagree boree
Presentation
1. The language used by the speaker was understandable.

1 2 3 4 5 i} 7
Very Strongly Meutral WYery Strongly
Dizagres Loree
2. The screens were understandable.

1 2 3 4 5 fi 7
Wery Strongly e utral WeryStrongly
Dlizagree Laree
3. The informati on presented flowed smoothlsy,

1 2 3 4 5 i} 7
Wery Strongly Meutral Wersy Strongly
Dhizagree Loree

Figure 1.41 Usability Questionnaire -ASSIST: General Module (Continued)
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4. The presentaticn was interesting.

1 2 3 4 5 i} 7
Yery Strongly Heutral Yery Strongly
Dizazres Loree

5. The narration in the modules helped in understanding the material.

1 2 3 4 5 1] 7
Wery Strongly Hentfral Wery Strongly
Dizagree Laree

6. Itwaseasyto navigate theough the modules.

1 2 3 4 5 6 7
Yery Strongly Heutral Yery Strongly
Dizazres Loree
Usefulness

1. The knowledge gained from each of the following sub-modules was useful:

“Eole of Inspection”™ Sub-maodule

1 2 3 4 5 i} 7
Wery Strongly Heutral Wery Strongly
Dizagree Lagree
"Safety” Sub-module
1 2 3 4 5 6 7
Yery Strongly Heutral Yery Strongly
Dizagree Laree

“barcraft Eeview” Sub-module

1 2 3 4 5 i} 7
Yery Strongly Heutral Wery 5 trongly
Dhsagree Loree

“Factors Affecting Inspection” Sub-module

1 2 3 4 5 1] 7
Wery Strongly Heutral Wery Strongly
Dizagree Lgree

“Inspection Procedure” Sub-module

1 2 3 4 5 6 7
Yery Strongly Heutral Yery Strongly
Dizagree Laree

Figure 1.41 Usability Questionnaire -ASSIST: General Module (Continued)
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1. The short questions presernted during the final test were helpfd in reitnforcing what ywou learned.

1 2 3 4 5 6

7

Yery Strongly Heutral
Dizazres

Yery Strongly
Loree

2. The information provided by the general module will help me in m¥ job on the hangar floor.

1 2 3 4 5 6

7

Wery Strongly Heutral
Disagree

Wery Strongly
Laree

3. The information provided showld be part of atry inspection training

1 2 3 4 5 6

7

Wery Strongly Hentfral
Dizagree

Wery Strongly
Laree

4. Inaddition to your OT T and clagsroom traning, all inspectors showld be trained on the general module.

1 2 3 4 5 i}

7

Wery Strongly ) Heutral
Dizagree

Wery Strongly
Lagree

3. Theinformation isusefid for anyone aspiring to be an inspector.

1 2 3 4 5 i 7
Wery Strongly Heutral Wery Strongly
Dhsagree Loree
Format

1. The color s used on the screen did not distract from the task or cause eye discomfort.

1 2 3 4 5 i} 7
Wery Strongly Heutral Wery Strongly
Dhsagree Loree
1. The bnttons on the screen were easy to under stand.

1 2 3 4 5 i} 7
Yery Strongly Heutral Yery Strongly
Disagree Loree

Figure 1.41 Usability Questionnaire -ASSIST: General Module (Continued)
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1. The tim e for the computer to process informati on did not frustrate you.

1 2 3 4 5 i} 7
Wery Strongly Heutral Wery Strongly
Dhsagree Loree
2. Youwere satisfied with the irteraction with the computer.

1 2 3 4 5 i} 7
Wersy Strongly Heufral Wersy Strongly
Disagree Loree
3. The titorial was effective in providing instruction

1 2 3 4 5 i} 7
Yery Strongly Heutral Yery Strongly
Disagree Loree
4. The colors used were pleasing.

1 2 3 4 5 i} 7
Yery Strongly Heutral Yery Strongly
Dizazres Loree

Figure 1.41 Usability Questionnaire -ASSIST: General Module (Continued)
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ARSIST: SIMULATION INSPECTION MODULE
Content

1. The amount of information presented was adequate.

1 2 3 4 5 i} 7
Wery Strongly Meutral Wery Strongly
Disagree Lizree

2. The subjects were thoroughly covered

1 2 3 4 5 i} 7
Yery Strongly Meutral Yery Strongly
Disagree Lgree

3. The information presented was wnderstandahle.

1 2 3 4 5 i} 7
Wery Stongly Meutral Wery Stongly
Disagree Lgree
Presentation

1. The langnage used by the speaker was understandable.

1 2 3 4 5 6 7
Wery Stongly Meutral Wery Stongly
Disagree Lgree

2. The screens were understandahble.

1 2 3 4 5 1] 7
Wery Stongly Meutral Wery Stongly
Disagree Lgree

3. The information presented flowed smoothly.

1 2 3 4 5 1] 7
Wery Strongly Meutral Wery Strongly
Disagree Ligree

4 The narration in the modules helped in understanding the material.

1 2 3 4 5 1] 7
Wery Strongly Meutral Wery Strongly
Disagree Lizree

Figure 1.42 Usability Questionnaire - ASSIST: Simulation Module (Continued)
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5. Ttwras easyto navigate through the sereens.

1 2 3 4 5 i} 7
Yery Strongly Meutral Yery Strongly
Disagree Lgree
Usefulness

1. The knowledge gained from the “Introduction” sub-module was useful.

1 2 3 4 5 i} 7
WVery Strongly Meutral WVery Strongly
Disazree Lzree

2. The inspection tools (scraping knife, magnifying glass, mirror, and flashlicht) uzed during
the “Testing” sub-module was realistic and helpful in looking for defects.

1 2 3 4 s i} T
Very Strongly Meutral Wery Strongly
Disagree Lizree

3. The feedback provided at the end of each screen was ugeful

1 2 3 4 5 i} 7
Yery Strongly Meutral Yery Strongly
Disazree Lzree

4. The feedbhack provided at the end-of-sessionwas useful

1 2 3 4 5 6 7
Wery Stongly Meutral Wery Stongly
Disagree Lgree

5. The defect write-up provided on the discrepancy card was useful.

1 2 3 4 5 i} 7
Yery Strongly HMeutral Yery Strongly
Disagree Lizres

fi.  Thiscomputer program will make a good component of o overall traimng

1 2 3 4 5 i} 7
Yery Strongly HMeutral Yery Strongly
Disagree Lizree

Figure 1.42 Usability Questionnaire - ASSIST: Simulation Module (Continued)
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3. Theinformation provided by the Simulaton module will help me 1n mv job on the hangar

floor.
1 2 3 4 5 i} 7
Wery 5 trongly HMeutral Wery 5 trongly
Disagres Lgree

4. The information provided should be part of any inspecton trairing,

1 2 3 4 5 i} 7
Wery 5 trongly Heutral Wery 5 trongly
Disagree Loree

3. Inaddition to wour OT] and classroom training all inspectors should be trained on the simulation module.

1 2 3 4 5 i} 7
W ery 5 tronglsy Meutral W ery 5 tronglsy
Disagree Loree

6. Theinformation is usefial for arrote aspiritg to be ah inspectot.

1 2 3 4 5 i} 7
Wery 5 tronglsy Meutral Wery 5 tronglsy
Disagree Loree

T. Thistraining would be useful for periodic te-training of inspectors.

1 2 3 4 5 i} 7
Wery 5 trongly HMeutral Wery 5 trongly
Diisagres Lgree

8. Thistraining was very redistic to the real-world of inspecting

1 2 3 4 5 i} 7
Wery 5 trongly HMeutral Wery 5 trongly
Disagres Lgree
Format

1. The colotsused onthe sereen did not distract from the task or cause eye discomfiort

1 2 3 4 5 i} 7
W ery 5 tronglsy Meutral W ery 5 tronglsy
Dizagree Agree

Figure 1.42 Usability Questionnaire - ASSIST: Simulation Module (Continued)
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2. The buttons on the screen wete easy to utiderstand

1 2 3 4 5 i} 7
Wery 5 trongly HMeutral Wery 5 trongly
Disagres Lgree

3. The time for the computer to process information did not frustrate o

1 2 3 4 5 i 7
Wery 5 tromglyr Heutral Wery 5 tromglyr
Dizagres Lgree

4. ¥ouwere satisfied with the interaction with the computer.

1 2 3 4 ] (i 7
Wery 5 tromgly Heutral Wery 5 tromgls
Dizagres Lgree

3. The tutorial was effective in prowding insttaction

1 2 3 4 5 1] 7
Wery 5 tromglsy Heutral Wery 5 tromglsy
Dizagres Ligree

. The picture quality used for the aircraft was realistic.

1 2 3 4 5 i} 7
W ery o trong 1y Meutral W ery 5 trong 1y
Disagree Loree

7. The picture quality of the defects was realistic.

1 2 3 4 5 i} 7
Wery 5 trongly Meutral Wery 5 trongly
Diisagres Lgree

Figure 1.42 Usability Questionnaire - ASSIST: Simulation Module (Continued)

Table 1.4 Results from the Usability Questionnaire

Category 7 Point Scale Mean Scores (S.D.) Wicoxon
Test

General Simulation
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Content

Presentation

Usefulness

Format

Very Strongly
Agree

Very Strongly
Agree

Very Strongly
Agree

Very Strongly
Agree

Very Strongly
Disagree

Very Strongly
Disagree

Very Strongly
Disagree

Very Strongly
Disagree

Module
5.66 (1.88)

5.72 (1.23)

5.47 (1.52)

5.55(1.45)

Module
5.27 (1.91)

5.48 (1.32)

4.81 (3.07)

5.14 (2.39)
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p<0.05
p<0.05
p<0.05

p<0.05

A Cronbach's Coefficient Alpha (Cronbach, 1951), was calculated for the group of questions to
ensure that it was appropriate to place them into a particular usability dimension (Tables 1.5, 1.6).
The Alpha Coefficient can be expressed mathematically as

Alpha =

where

k = the number of questions combined,

Vt = the variance of the participants’ total scores, and

Vi = the sum of the variances of the responses for each individual question.

Table 1.5 Cronbach's Alpha Coefficient: General Module

Category Var, Var, k Alpha
Content 9.54 32.26 4 0.94
Presentation 5.48 17.35 6 0.82
Usefulness 12.27 61.76 10 0.89
Format 9.08 21.09 6 0.68
Table 1.6 Cronbach's Alpha Coefficient: Simulation Module

Category var var, k Alpha

S

Content 7.07 15.71 3 0.82
Presentation 7.02 14.25 5 0.63
Usefulness 32.95 364.50 12 0.96
Format 13.89 37.14 7 0.73
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Results on Four Dimensions of the Simulation Module
Usability Survey

Presentation
B Content Farmat
Usefulness

Score

Figure 1.43 Results on Four Dimensions of the Simulation Module Usability Survey
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To ensure that the questions would yield interpretable results about usability, the Cronbach's
Coefficient Alpha should be greater than 0.5 and less than or equal to 1.0 (Cronbach, 1951). The
alpha coefficients for all four dimensions were within the prescribed limits; thus, the questions were
grouped into their respective categories. The results of the usability survey are summarized in Table
1.5, listing the mean and standard deviation for each usability dimension. Then, a Wilcoxon Signed
Rank Test was used to determine whether the subjects preferred the system of each of the four
different usability dimensions by comparing the actual mean scores versus the expected mean score
of 4.0. The results revealed that the subjects favored the computer system (Eigure 1.43) on all the

four dimensions investigated (Tables 1.7 and 1.8).

Table 1.7 Usability Analysis: General Module (Continued)

Category Question Likert Scale Compared Mean (S.D.)
Mean
1 7
Content 1. The amount of information Very Very 4 5.45(2.11)
presented was adequate. Strongly  Strongly
Disagree Agree
2. The information presented is Very Very 4 5.48 (1.97)
extremely relevant to my job as an Strongly  Strongly
inspector. Disagree Agree
3. The subjects were well covered. Very Very 4 5.76 (1.98)

Strongly  Strongly
Disagree Agree

4. The information presented was Very Very 4 5.93 (1.50)
understandable. Strongly  Strongly
Disagree Agree
Presentation 5. The language used by the speaker Very Very 4 6.02 (0.82)
was understandable. Strongly  Strongly

Disagree Agree

6. The screens were understandable. Very Very 4 5.79 (0.88)
Strongly  Strongly
Disagree Agree

7. The information presented flowed Very Very 4 5.66 (1.31)
smoothly. Strongly  Strongly
Disagree Agree

8. The presentation was interesting. Very Very 4 5.59 (1.61)
Strongly  Strongly
Disagree Agree

Wilcoxon test

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)
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9. The narration in the modules Very Very 4 5.41(1.18) (p<0.05)
helped in understanding the material. Strongly  Strongly
Disagree Agree

10. It was easy to navigate through Very Very 4 5.86 (1.12) (p<0.05)
the modules. Strongly  Strongly
Disagree Agree
Usefulness 11. The knowledge gained from each Very Very 4 5.41(0.75) (p<0.05)
of the following sub-modules was Strongly  Strongly
useful:“Role of Inspection” Sub- Disagree Agree
module
12. The knowledge gained from each Very Very 4 5.33(1.03) (p<0.05)
of the following sub-modules was Strongly  Strongly
useful:“ Safety” Sub-module Disagree Agree
13. The knowledge gained from each Very Very 4 4.88(1.24) (p<0.05)
of the following sub-modules was Strongly  Strongly
useful:“Aircraft Review” Sub-module Disagree Agree
14. The knowledge gained from each Very Very 4 5.47 (1.06) (p<0.05)
of the following sub-modules was Strongly  Strongly
useful:“Factors Affecting Inspection” Disagree Agree
Sub-module
15. The knowledge gained from each Very Very 4 5.40 (1.48) (p<0.05)
of the following sub-modules was Strongly  Strongly
useful:“Inspection Procedure” Sub- Disagree Agree
module

Table 1.7 Usability Analysis: General Module (Continued)

Category Question Likert Scale Compared Mean (S.D.) Wilcoxon test
Mean
1 7
Usefulness 16. The short questions presented Very Very 4 5.68 (1.22) (p<0.05)
during the final test were helpful in Strongly  Strongly
reinforcing what you learned. Disagree Agree
17. The information provided by the Very Very 4 5.31(2.36) (p<0.05)
general module will help me in my Strongly  Strongly
job on the hanger floor. Disagree Agree
18. The information provided should Very Very 4 5.90 (1.95) (p<0.05)
be part of any inspection training. Strongly  Strongly
Disagree Agree
19. In addition to your OTJ and Very Very 4 5.55(2.18) (p<0.05)
classroom training, all inspectors Strongly  Strongly
should be trained on the general Disagree Agree
module.
20. The information is useful for Very Very 4 5.75(1.76) (p<0.05)

anyone aspiring to be an inspector. Strongly  Strongly
Disagree Agree

Format 21. The colors used on the screen did Very Very 4 5.41 (2.54) (p<0.05)
not distract from the task or cause Strongly  Strongly
eye discomfort. Disagree Agree
22. The buttons on the screen were Very Very 4 5.76 (0.76) (p<0.05)
easy to understand. Strongly  Strongly
Disagree Agree
23. The time for the computer to Very Very 4 5.69 (0.86) (p<0.05)
process information did not frustrate  Strongly  Strongly
you. Disagree Agree
24. You were satisfied with the Very Very 4 5.61(0.74) (p<0.05)
interaction with the computer. Strongly  Strongly
Disagree Agree
25. The tutorial was effective in Very Very 4 5.62(1.82) (p<0.05)
providing instruction. Strongly  Strongly

Disagree Agree

26. The colors used were pleasing. Very Very 4 5.24 (2.05) (p<0.05)
Strongly  Strongly
Disagree Agree

Table 1.8 Usability Analysis: Simulation Module

Category Question Likert Scale Compared Mean(S.D.) Wilcoxon test
Mean
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Content

Presentation

Usefulness

1. The amount of information
presented was adequate.

2. The subjects were thoroughly
covered.

3. The information presented was
understandable.

1. The language used by the speaker
was understandable.

2. The screens were understandable.

3. The information presented flowed
smoothly.

4. The narration in the modules
helped in understanding the material.

5. It was easy to navigate through the
screens.

1. The knowledge gained from the
“Introduction” sub-module was
useful.

2. The inspection tools (scraping
knife, magnifying glass, mirror, and
flashlight) used during the “Testing”
sub-module were realistic and
helpful in looking for defects.

3. The feedback provided at the end
of each screen was useful.

4. The feedback provided at the end-
of-session was useful.

5. The defect write-up provided on
the discrepancy card was useful.

6. This computer program will make
a good component of your overall
training.

7. The information provided by the
Simulation module will help me in my
job on the hanger floor.

Performance Analysis

1

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

7

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

5.31(1.95)

5.08 (1.97)

5.46 (1.03)

5.71(2.33)

5.08 (0.93)

5.41(1.01)

5.31(1.13)

5.77 (2.23)

5.13 (3.70)

4.69 (2.42)

5 (2.60)

5.03 (1.69)

5.12 (3.02)

4.97 (3.76)

4.23(2.73)
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(p<0.05)
(0<0.05)
(p<0.05)
(0<0.05)
(0<0.05)
(p<0.05)
(0<0.05)
(p<0.05)
(0<0.05)

(p<0.05)

(p<0.05)
(0<0.05)
(p<0.05)
(0<0.05)

(p<0.05)

The data was analyzed using a mixed between and within subjects design. Separate analyses of
variance were conducted on the following performance measures: inspection time, percentage
defects correctly detected, number of false alarms, number of misses, total score on non-routine
cards, score on the knowledge test (sections I and 1) and the score on the hangar floor test. The
mean score for the different experimental conditions along with the ANOVAs are shown in Tables 9
through 22. Analyses of variance showed training was significant for the following performance
measures: percentage correctly detected (Eigure 1.44), number of false alarms (Eigure 1.45), misses
(Figure 1.46), total score on non-routine cards (Figure 1.47). Although, the effect of training for the
post training trail for the knowledge test (sections I and I1) was not statistically significant, looking at
Figure 1.48, it can be seen that the training group reported higher scores on the post training trail for
the knowledge test on both sections I and Il. The effect of pacing was significant for the following
performance measures: inspection time, percentage correctly detected, number of false alarms,
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misses, and total score on non-routine cards. Interestingly, analyses of variance did not reveal any
significant differences between groups for the hangar-floor test (Eigure 1.49).

Table 1.9 Performance Measures Table

Group  Inspector Inspection time Percentage Number of false Number of misses
Number (min) correctly detected alarms

Unpaced Paced Unpaced Paced Unpaced Paced Unpaced

Sl 26.60 27.02 45 40 13 40 11
Trained
Group

S2 33.23 16.45 45 45 6 2 11

S3 49.67 32.73 60 60 35 32 8

S4 57.38 13.50 60 65 29 27 8

S5 38.98 39.22 45 65 23 73 11

S6 35.50 30.70 60 70 30 43 8

S7 57.83 35.70 50 55 36 46 10

S8 37.73  29.75 50 55 35 42 10

39 39.52 30.28 50 70 29 39 10

Mean 4183 28.37 51.67 58.33 26.22 38.22 10.00

Std. Dev. 10.81 8.41 6.61 10.61 10.45 18.67 1.32

S10 48.35 46.50 30 60 15 34 14
Control
Group

S11 4050 29.17 20 45 14 22 16

S12 69.37 33.70 35 40 24 12 13

S13 9.30 6.27 15 15 13 29 17

S14 18.12 11.29 15 20 7 11 17

S15 21.58 19.24 35 35 2 5} 13
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S16 63.49 40.28 45 70 12 6 11
S17 5546 31.52 40 50 20 20 12
S18 63.14 30.47 30 65 27 32 14
Mean 43.26 27.60 29.44 44.44 14.89 19.00 14.00
Std. Dev. 22.14 13.09 10.74 19.11 7.88 11.08 2.14
Score on non-routine work cards
20
Score =S Si Si=0,051
i=1 0 = Incorrect
0.5 = Partially correct
i = Number of questions 1 = Correct
Table 1.10 Inspection Time
Source df SS MS F
Group 1 .98 .98 0.001
Pacing 1 1906.20 1906.20 20.56"
Group * Pacing 1 10.87 10.87 0.12
*p<0.05
Table 1.11 Percentage Correctly Detected
Source df SS MS F
Group 1 2934.03 2934.03 11.61"
Pacing 1 1056.25 1056.25 16.10"
Group * Pacing 1 156.25 156.25 2.38
*p<<0.05
Table 1. 12 Number of False Alarms
Source df SS MS F
Group 1 2100.69 2100.69 9.41*
Pacing 1 584.03 584.03 5.95°
Group * Pacing 1 140.03 140.03 1.43

*p<<0.05

Table 1.13 Number of Misses
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Source df SS MS F
Group 1 117.36 117.36 11.61"
Pacing 1 42.25 42.25 16.10"
Group * Pacing 1 6.25 6.25 2.38

*p<0.05
Table 1.14 Total Score on Non-routine Workcards
Source df SS MS F
Group 1 101.67 101.67 10.11*
Pacing 1 29.34 29.34 10.78"
Group * Pacing 1 9.51 9.51 3.49

*p<0.05

http://hfskyway.faa.gov/HFAMI/Ipext.dIl/FAA%20Research%201989%20-%202002/1...

Table 1.15 Knowledge Test Section | : Scores Obtained from

set of 14 Questions

Subject Before After Training
Training
Trained T1 55 59
Group
T2 65 63
T3 23 29
T4 43 43
T5 44 49
T6 49 59
T7 49 62
T8 43 35
T9 45 51
Mean (Std. Dev.) |46.22 (11.24) 50.00 (12.20)
Control C1 41 43
Group
C2 43 47
C3 41 39
c4 33 35
C5 51 33
C6 57 57
C7 39 49
C8 35 53
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C9 33 37
Mean (Std. Dev.) | 41.44 (8.11) 43.67(8.37)
Table 1.16 Knowledge Test Section | : Short Q & A (analysis)
Source df SS MS F
Group 1 277.77 277.77 1.61
Condition 1 81.00 81.00 2.42
Group * Condition 1 5.444 5.44 0.16
*p<0.05
Table 1.17 Knowledge Test Section Il : Scores Obtained
from set of 30 Questions
Subject Be.folre Aftgr
Training Training
Trained Tl 25 28
Group
T2 29 29
T3 28 28
T4 28 29
T5 25 28
T6 29 30
T7 28 27
T8 29 29
T9 28 29
Mean (Std. Dev.) | 27.67 (1.58) | 28.56 (0.88)
Control C1 27 28
Group
Cc2 28 30
C3 25 25
C4 25 26
C5 26 25
C6 24 28
Cc7 27 27
C8 28 23
C9 25 28
Mean (Std. Dev.) | 26.11 (1.45) | 26.67 (2.12)
Table 1.18 Knowledge Test Section Il : Multiple Choice (analysis)
Source df SS MS F
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Group 1 26.69 26.69 9.59*

Condition 1 4.69 4.69 2.17

Group * Condition 1 0.25 0.25 0.12
*p<0.05

Table 1.19 Summary of F values from ANOVA (Tables 8-12)

Source Inspection Percentage Number Number Total Score non-
Time Correctly of False of Misses

(min) Detected Alarms

Group 0.00 11.61*
Pacing 20.56* 16.10*
Group * Pacing 0.12 2.38
*p<0.05

Table 1.20 Summary of F values from
ANOVA (Tables 14 & 16)

cards
941* 11.61* 10.11*
5.95*  16.10* 10.78*
1.43 2.38 3.49

routine work

Source Short Multiple
Q & A Choice test
Group 1.61 9.59*
Trial 2.42 2.17
Group * Trial 0.16 0.12
*p<0.05
Table 1.21: Mean scores of Hangar Floor Test
Subject After Training
Trained T1 25
Group
T2 21
T3 21
T4 19
T5 23
T6 23
T7 21
T8 21
T9 21
Mean (Std. Dev.) 21.67 (1.73)
Control C1 23
Group
C2 23
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C3 23
c4 23
C5 19
C6 17
C7 19
cs 14
C9 23
Mean (Std. Dev.) 20.44 (3.36)
Table 1.22: Hangar Floor Test (analysis)
Source | df SS MS F
Group | 1 6.72 6.72 0.94
*p<0.05
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Figure 1.44 Performance Measure: Percentage of Correctly Detected Defects
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Figure 1.45 Performance Measure: Number of False Alarms
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Figure 1.46 Performance Measure: Number of Misses
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Performance Measure:
Total Score on Non-routine Work Card
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Figure 1.47 Performance Measure: Total Score on Non-routine Work Card
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Figure
1.48 Performance Measure: Knowledge Based Test-Section 1 and Section 2

The results are unequivocal as to the usefulness of the system as perceived by the inspectors and
supervisors. The usability analysis clearly demonstrates that the system was well-liked and easy to
use. This is a testament to the task analytic and the iterative development methodology used in
developing ASSIST. The system developers worked closely with aircraft maintenance personnel--
inspectors, supervisors, training departments and quality assurance staff--in developing the system to
ensured it was not only appropriate in its content and addressed the inspection training needs of
aircraft maintenance organization but also user-friendly.

The results of this study are encouraging as to the effectiveness of computer-based inspection
training and specifically ASSIST in improving performance. Performance of the training group
significantly improved on the criterion inspection task, the inspection of Aft-Cargo bin of L-1011,
following training. Of greatest interest was the increase in the percentage of defects detected and the
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reduction in the number of misses for the training group compared with that for the control group.
The training group detected a significantly greater number of defects and missed fewer. This has
implications for on the job performance where detection of defects and having a low number of
misses are critical to improving inspection performance and ultimately aviation safety.

Moreover, inspectors assigned to the training group also reported higher scores on the non-routine
cards following training compared to the control group. These scores measure the correctness and
appropriateness of the information entered by the inspector using the non-routine cards following the
identification of defects. Subjects responses entered on the non-routine card were scored based on a
“standard or correctly completed non-routine card.” The information entered on these cards is
critical for follow-up maintenance action because incorrect entries or incorrect information can result
in erroneous maintenance action. Significantly improved performance for the training group in
completing the non-routine card has information has obvious implications for incorporating ASSIST
training as part of regular inspection training. The training program also resulted in improved
inspection knowledge about the job. The content of ASSIST helped the inspectors in the training
group develop a better understanding of the “inspection job” as indicated by the higher scores on the
post-training knowledge test, a response supported by the subjects’ feelings regarding the
appropriateness of the content as shown by the high scores assigned to content related questions on
the usability questionnaire for both the general and simulation modules, specifically questions 1, 2
and 3 for the general modules and questions 2 and 3 for the simulation module.

Inspectors reported that the information provided by the general and simulation modules should be
part of any inspection training. Moreover, they also stated that ASSIST training should be
incorporated into the existing training for inspectors. Although the hangar floor test did not show
significant differences between the two groups, these results were expected. Unlike the simulation
tests in which there was greater experimental control, the hangar floor test was conducted in an
uncontrolled hangar environment. Moreover, the hangar floor tests were conducted following the
knowledge test, suggested that performance on the latter may have resulted in all subjects spending
extra time reviewing material on their own, thus explaining the lack in sensitivity to inspection
training.

1.5.3 Conclusions

In summary, the results have demonstrated the benefits of a well-designed computer based
inspection training program. ASSIST not only improved performance but also was well accepted by
inspectors. The following specific conclusions can be drawn from this study.

1. Improved Inspection Performance: Training using ASSIST translated into improved
knowledge of the inspection task, resulting in reduced errors in the form of a significantly higher
percentage detected, fewer misses and more correct write-ups for non-routine cards.

2. High Level of User Satisfaction: Usability evaluation clearly revealed that inspectors with
different levels of computer experience could easily use a computer-based training tool. The high
scores obtained for the various usability dimensions is a testament to the task analytic and iterative
and customer focused methodology employed in development of ASSIST.

3. Standardized Method for Inspection Training: ASSIST can help standardize the aircraft
inspection training process by ensuring similar content across inspection training curriculums.

4. Completeness: Inspectors can be exposed to a wide variety of defects with varying degrees of
severity at different locations through the use of a library of defect images. Inspectors can also be
trained on less frequently occurring critical defects.

5. Adaptability: ASSIST can be modified to meet the needs of individual inspectors. Batch files of
images can be created to train inspectors on particular aspects of the inspection task with which they
have the greatest difficulty. Thus, the program can be tailored to accommodate individual
differences in inspection abilities.
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6. Efficiency: Since the training will be more intensive, the trainees will be able to become more
skilled in a shorter period of time.

7. Integration: The training system will integrate different training methods, for example,
feedback training, feed-forward training, and active training into a single comprehensive training
program.

8. Certification: ASSIST can be used as part of the certification process. Since the record keeping
process can be automated, instructors can more easily monitor and track an individual’s
performance, initially for training and later for retraining.

9. Instruction: ASSIST could be used by instructors in EAA certified A&P schools for training.
Under these conditions, for example, aircraft maintenance technicians could gain exposure to defects
on wide-bodied aircraft that they might not have otherwise.

Although, the training group showed significant improvements in performance, we still do not know
whether the training was effective for all inspectors because as literature has shown, large
differences exist in inspection abilities. Unless we answer this very important question, developers of
training program will tend to design strategies insensitive to individual differences in aircraft
inspection abilities. In light of this situation, it is clear that we must identify training strategies to
compensate for individual differences in inspection abilities to raise performance to a higher level.
The individual differences issue was addressed as part of year 3 activities.

1.6 IMPROVING INSPECTION PERFORMANCE: STUDY OF INDIVIDUAL
DIFFERENCES - YEAR 3

One of the most important factors impacting this reliability involves the stress of the time constraints
imposed by the procedure involved in inspection and maintenance. Aircraft for commercial use have
their maintenance scheduled by a team that includes the EAA, aircraft manufacturers and start-up
operators. These schedules are then taken by the carrier and modified so that they suit individual
requirements and meet legal approval. Within a carrier’s schedule there will be checks at various
intervals, often designated as flight line checks, overnight checks, and A, B, C and D, the heaviest,
checks. The objective of these checks is to conduct both routine and nonroutine maintenance of the
aircraft, including scheduling the repair of known problems; replacing parts after a certain air time,
number of cycles or calendar time; repairing defects discovered previously through reports logged by
pilot and crew, line inspection and those deferred from previous maintenance; and performing
scheduled repairs. Inspections themselves often lead to repairs/maintenance, if a defect is discovered
during this process. In the context of today’s aging fleet, inspection takes on an even more vital
role. Scheduled repairs account for only 30% of all maintenance compared to 60-80% in the
younger fleet, an increase attributed to the number of age-related defects.20 In such an environment
the importance of the role of the inspector cannot be overemphasized.

In addition, the scheduling involved in inspecting individual aircraft adds to the stress placed on
inspectors and AMT's. As the aircraft arrives at the maintenance site, the inspection and
maintenance schedule is translated into a set of job or work cards containing the instructions for the
work to be done. Initially, the aircraft is cleaned and access hatches opened so that inspectors can
view the different areas. This activity is followed by a heavy inspection check. Since such a large
part of the maintenance workload is dependent on the discovery of defects during inspection, it is
imperative that the incoming inspection be completed as quickly as possible after the aircraft arrives
at the inspection maintenance site. Furthermore, there is pressure on the inspector to discover any
critical defects necessitating lengthy follow-up maintenance early in the inspection process. Thus,
there is a heavy inspection workload at the commencement of each check because it is only after the
discovery of defects can the planning group estimate the expected workload, order replacement parts
and schedule maintenance items. As a result, maintenance facilities frequently resort to overtime,
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leading to an increase in the total number of inspection hours and prolonged work hours. This is
compounded by the fact that much inspection, including routine inspections on the flight line, is
carried out in the night shift, between the last flight of the day and first flight on the next.

The pressure caused by time constraints doesn’t end after the initial inspection. After a defect is
detected, written up as a Non-Routine Repair (NRR) Record, translated into a set of work cards and
rectified by the maintenance crew, it may generate additional inspection, typically referred to as
“buyback” inspections, to ensure that the work meets necessary standards. Thus, initially, the
workload on the inspector is very high with the arrival of an aircraft. As the service on the aircraft
progresses, the inspection workload decreases as the maintenance crew works on the repairs. The
inspection load again increases towards the end of service, compounded by frequent interruptions as
AMT's call in inspectors to conduct buybacks of completed work.

Task Factors Phys1
Envir
Facto
AMT / Inspection
Performance

Speed Accuracy

On time Quality of
Departure | Work

Subject Orgar
Factors Facto:

Figure 1.49 Factors Impacting Aircraft Inspection Performance

Task analysis of aircraft inspection supports the stress caused by its complexity: the inspector has to
search visually for multiple defects occurring at varying severity levels and locations in addition to
being sensitive to efficiency (speed measure) and effectiveness (accuracy measure), performance
measures impacted by task and other factors if they are to optimize their performances (Figure
1.49).17.66

The inspection task is further complicated due to the wide variety of defects being reported in older
aircraft, a trend expected to continue into the future given the widespread use of these aircraft.
Consequently, a more intensive inspection program is required for them. However, even the
introduction of newer aircraft will not reduce the inspection workload, as new airframe composites
create an additional set of inspection variables.
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The problem of inspection is further compounded since the more experienced inspectors and
mechanics are retiring and are being replaced by a much younger and less experienced work force.
Not only do the unseasoned AMT's lack the knowledge or skills of the far more experienced
inspectors/AMT's they are replacing, they are not trained to work on a wide variety of wide-bodied
aircraft. Moreover, analysis of aircraft inspection activity has reported large individual differences
and this can be a critical factor that can potentially impact the effectiveness of inspections. Literature
on inspection has identified a battery of Individual differences tests, which can serve as predictors of
inspection performance. Before a decision can be made on which tests are appropriate it is necessary
to clarify the skills required while performing aircraft inspection tasks. Task analyses of inspection
activities guidance on this matter.20,21,32 It can be seen that the aircraft inspection process requires
a large amount of mental processing and a large amount of information transmission together with
extensive use of short-term and long-term memory. In addition there could potentially be definite
time constraints on performing the job. Table 1.23 summarizes the various tests that have been used
in the past as predictors of individual differences in inspection abilities indicating. The Significance
column shows the success achieved in predicting inspection performance for each test.

Table 1.23 Tests used as predictors of Individual Differences

Individual Test Measures Significance
Difference
Student Student or industrial inspectors |None26
subjects vs.
inspectors
Age Demographics survey Age Good37.46
Experience Demographics survey Years of work experience Good3.46
Gender Demographics survey Gender Good46.64
Visual Acuity 20/20 vision High48.69
Lobe Size Measure of fixation point [Area around fixation point Good25
Aptitude Skills Harris Inspection Test Identify unmatching objects High(electronics)35
WAIS 1Q test Good25
Short Term Memory Memory — short-term Weak25
Gordon Test Photographic memory Good25
Cognitive *EFT Identify embedded context High25
Behavior Eysenck Introversion/extroversion Mixed25.68
Guilford-zimmerman Sociability,stability restraint Low69
MMPI Guardedness, anxiety Lowg9
MEET Impulsives/reflectives High59
*Locus of Control Introversion/extroversion High19.57
*Certainty Equivalence Risk seekers, risk aversion N/A54
Introversion,sensing,thinking N/A49

*Myers-Briggs

Appendix A also provides a summary description of each test. Drawing from the task analyses of
aircraft inspection, and results of earlier studies on the use of individual differences test for
inspection tasks, the following four tests were selected for this study: the Myers-Briggs Test, the
Embedded Figures Test, the Locus of Control Test, and the Responsible Risk Taking Inventory
Test.25,49,55,63

In addition to the individual differences a critical factor known to affect aircraft inspection
performance is the time available for inspection. Inspectors may have different amounts of total time
based on the type of maintenance checks (e.g., ramp inspections, A, B, C or D checks) with the least
amount of time available for ramp checks and the maximum for D checks. Literature on inspection
pacing is rich, discussing the effects of pacing for inspection tasks that have both the search and
decision making components.2.7.44 A common conclusion drawn from these studies that can guide
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us in understanding human performance in aircraft inspection is that pacing exerts stress which, in
turn, reduces inspection accuracy. However, most of the efforts focused on pacing in inspection
have looked at inspection tasks typical of those in the manufacturing industry or artificial tasks
typical of laboratory environments; none have looked at aircraft inspection per se. This being the
case, it is critical that we conduct a study that expressly looks at and identifies interventions to
improve aircraft inspection performance under paced and unpaced environments.

Training also been shown to be a powerful intervention strategy improving inspection performance
when applied to both novice and experienced inspectors.16,34,69 Existing training for inspectors in
the aircraft maintenance environment tends to be mostly on-the-job (OJT). Nevertheless, this may
not be the best method of instruction because, for example, for feedback may be infrequent,
unmethodical, and/or may not be provided in a timely manner (see EAA20,28). Moreover, in certain
instances feedback is economically prohibitive or infeasible due to the nature of the task. Because
the benefits of feedback in training have been well documented, and for other reasons as well,
alternatives to OJT are sought.69 Furthermore, training for improving visual inspection skills of
aircraft inspectors is generally lacking at aircraft repair centers and aircraft maintenance facilities.
However, the application of training knowledge to enhance these skills has been well documented in
the manufacturing industry. Training has been shown to improve the performance of both novice and
experienced.16.69 Visual inspection skills can be taught effectively using representative
photographic images showing a wide range of conditions with immediate feedback on the trainee’s
decision.69 Using realistic photographic images as a training aid in controlled practice with
feedback has also been shown to be superior to only OJT.41.69

Thus, off-line training/retraining with feedback has a role to play in aircraft inspection training. One
of the most viable approaches for delivering training given the many constraints and requirements
imposed by the aircraft maintenance environment is computer-based training, which offers several
advantages over traditional training approaches: it is efficient while at the same time facilitating
standardization and supporting distance learning. With computer technology becoming cheaper, the
future will bring an increased application of this advanced technology in training. Over the past
decade, instructional technologists have applied numerous training devices to a variety of technical
applications with the promise of improved efficiency and effectiveness. Examples of such
technology include computer-based simulation, interactive videodiscs, and other derivatives of
computer-based applications. Compact disc read only memory (CD-ROM) and Digital Video
Interactive (DVI) are two other technologies which will provide us with the "multi-media” training
systems of the future. Many of these training delivery systems such as computer-aided instruction,
computer-based multi-media training and intelligent tutoring systems are already being used today,
thus ushering in a revolution in training.

In the domain of visual inspection, the earliest efforts to use computers for off-line inspection
training were reported by Czaja and Drury.8 They used keyboard characters to develop a computer
simulation of a visual inspection task. Similar simulations have also been used by other researchers
to study inspection performance in a laboratory setting. Since these early efforts, Latorella et al. and
Gramopadhye, Drury and Sharit have used low fidelity inspection simulators using computer-
generated images to develop off-line inspection training programs for inspection tasks.29,41
Similarly, Drury and Chi studied human performance using a high fidelity computer simulation of a
printed circuit board inspection.11 Another domain, which has seen the application of advanced
technology, is that of inspection of x-rays for medical practice.

However, most of the work in the application of advanced technology to inspection training has
focused on developing simulators for running controlled studies in a laboratory environment with
advanced technology finding limited application in industrial, and specifically, aircraft inspection
tasks. In light of this situation, a computer based training system focused on improving inspection
skills for aircraft inspection tasks was developed as part of previous FAA funded efforts. These
efforts yielded the Automated System of Self Instruction for Specialized Training (ASSIST)
inspection-training software. A follow-up study conducted to evaluate the usefulness of ASSIST
revealed that inspectors' knowledge of the aircraft inspection task, inspection performance on a
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simulated aircraft inspection task and inspectors’ performance on real-world aircraft structural
inspection task had improved significantly following training.30

Despite the effectiveness of ASSIST, questions still remain unanswered. We still do not know
whether the training was equally effective for all inspectors or if certain individual characteristics as
measured by individual differences test can throw new light into understanding post training
inspection performance.  In addition, we need to determine if training is equally effective under
both paced and unpaced situations. Unless we develop answers to these questions, we will continue
to design ad hoc and generalized training programs, with the hope that they will improve
performance for all aircraft inspectors under all situations. It is critical that we move beyond
designing and using these “one size fits all” training strategy to improving aircraft inspection
performance.

1.6.1 METHODOLOGY

Subjects

The subjects for this study consisted of 18 inspectors from an aircraft maintenance facility who were
paid their full hourly rate by the company for their participation. Those selected had different levels
of inspection-related work experience (six subjects with less than one year of experience, six
between one and 10 years, and six with more than 10 years of experience). The subjects were
randomly assigned to one of the following two groups, the control group or the trained group, so that
each had subjects with an equal distribution of work experience:

Control Group: Subjects assigned to this group received no training prior to taking both Trail
Block 1, the unpaced criterion visual inspection task, and Trial Block 2, the paced criterion visual
inspection task.

Trained Group: Subjects in this group received general inspection and criterion task training
with feedback on performance measures, speed and accuracy, prior to taking Trial Blocks 1 and 2.

Experimental Design

The study used a 2 X 2 design which consisted of two groups, control and trained, with nine subjects
nested in each and two trial blocks, paced and unpaced, with the latter treated as a repeated measure
(Table 1.24).

Equipment for Computer Simulation

The experiment was conducted using Hewlett Packard personal computers with a Windows NT
Workstation 4.0 operating system and an Intel Pentium |1 processor operating at 300 Mhz. The

subjects viewed the stimulus material at a resolution of 800x600 pixels/inch from 20 inches and
responded to the stimulus material using a two-button mouse.

Stimulus Material

The stimulus material used was ASSIST, a computer-based inspection training software consisting
of three modules - General Inspection, Simulation, and Instructor's, which was developed for aircraft
inspection training.30 This multimedia computer-based program developed to train aircraft
inspectors on inspection skills was used to simulate the inspection tasks and to collect performance
data.
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Table 1.24 ASSIST Protocol

Consent Demographic Individual Differences Test ASSIST
form survey
Myers- Embedded Locus of Responsible Simulation Simulation test Training Training
Briggs test Figures  Control test Risk Taking trial & general simulator
test Inventory demo
test

Unpaced Paced

Description 7 questions 85 18 30 questions 39 questions Parameter  Parameter set: The Parameter
of Protocol on topics questions questions used to used to set: -No Lt test ASSIST set:
Stage such as age, usedto totest for measure measure the feedback Sttest- General 32
experience, obtaina the ability internal and amount of -Unpaced Module screen
certification, personality to separate  external risk people (All five ~ Scenario
and training type code. an characteristics,  will take (Small -No feedback sub-  _Unpaced
individual introversion when making ntroduction modules)
figure from and decisions to the -Feedback
amore extroversion ASSIST 2nd test-
complex software and .
stimulus of the simulated -paced using mean
which it inspection of 1st test
forms a environment)  -No feedback
part
9 subjects X X X X X X X X X X
Trained
9 subjects X X X X X X X X N/A N/A
Control
Procedure

At the outset all the subjects completed a consent form (Eigure 1.50) and a demographics
questionnaire (Eigure 1.51) which solicited information on the subjects’ backgrounds, ages and
experience in inspection. Next, all subjects were administered four individual differences tests: the
Embedded Figures Test (Eigure 1.52), the Myers-Briggs Test (Eigure 1.53), the Locus of Control
Test (Figure 1.54), and the Responsible Risk Taking Inventory Test (Eigure 1.55).25.49.55.63
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INFORLED CONSENT STATEMENT FOR AUTORATED SELE-PACED S¥VETEM FOR.
INSTRUCTICOW AL SUPPORT ANMD TEATNING (ASSIST)

INFORIATION

You have been irvited fo parficipate in a research study entitled The ASSIST BEraluation stodw If sou agree to
participate, wou will be one of eighteen subjects at your facility who will be participating in the stody.  Your
participation will be on an indradus] basis.

Prior to any activities, you will be asked to fill out sorne personal dernographic information. ATL INFOBRWIATION
WILL BE STRICTLY CONFIDEMTIAL.

There are two distinct stages to this research. In the first stage, wou will perform an on-the-job test and a cormguter-
sitnnlated test of aircraft inspection. You will then recerre training from a corguter-hased nltiredia inspection-
training tatorial. In the second stage, you will perfonm another on-the-job test and another cormputer-sirulated test of
aircraft inspection.

Youwill ako he asked to complete a mubiple-choice testhoth before and after training, The scores on your test
willnoi he revealed to anyone other than yourself (upon request) and the imrestigators conducting this research

Thiz study is niot to measre your indnddual ability as an inspector, but rather to measure the effects of our training
e thod.

The termuinology used throughow thi research study & meant to he general in rature and ot specific to Delia
Air Lines. If you have questions on the termimlogy given, plesse see the iraining ad miniirators.
ESTIMATED TIME FOR STAGE 1 and TRAINING = 4 HOUERS

At the conclusion of the study wou willbe asked to fill outa guestiorraire giing us your opindon of the trairdng.

ESTIMATED TIME FOR STAGE 2 =3 HOURS
CONSENT

I hawe been given the opportunity to ask questions about this study, anseers to guestions (if any) have been
safisfactory

The inforwation in the study records will be kept confidential and will be made available only to persons conducting
the study unless I specifically give permission in wrthing to do otherwize. Inany results of this stodsy that are published,
I will nothe identified.

In consideration of all of the abowe, T give s consent to participate in this research study. [ understand that I raay drop
ont of'this stody at any point if' T so choose.

Tacknosledge receipt of a coper of this inforved consent staternent.
SIGWATURE OF SUBJECT
DATE,

SIGHATURE OF WITHESS

SIGHATURE OF INVESTIGATOR.

Figure 1.50 Consent Form
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Hame
1. Sex Iale Female
2. L =20 21-30 31-40 41-50 A0+

1. How longs have you been an adr craft inspector?
=1 7. 1-10 s 10 ws +
2. Howlong have you been in the aireraft maintenance industey?

<1 . 1-10 s 10 ws +

3. What shift are you curtently working?

1t gxd 3

4. Which of the following certificatesficenses do you have? (3 elect more than one if appropriate)
Airframe certificate P owrer Plant certificate
Repairman certificate FCC license

Inspection authorizati on certificate

5. Where did you receive the m s ority of o teckmical training?
Ililitatsy Techrical Schools C omipany training
6. Vour primaryjob function as an inspector is:

HMV Letter check

Figure 1.51 Demographics questionnaire
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¥l EMBEDDED |J
Y| FIGURES TEST [}

By Philip K. Oltman, Evelyn Raskin, & Herman A. Witkin

Name ' Sex

Today's date Birth date

INSTRUCTIONS: This is a test of your ability to find a simple form when
it is hidden within a complex pattern.

Here is a simple form which we have labeled “X"':

X

This simple form, named “X", is hidden within the more complex figure
below:

\\\\\\”/’,/

Try to find the simple form in the complex figure and trace it in pencil
directly over the lines of the complex figure. It is the SAME SIZE, in the
SAME PROPORTIONS, and FACES IN THE SAME DIRECTION within the
complex figure as when it appeared alone.

Figure 1.52 Embedded Figures Test
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_ Part |. Which Answer Comes Closest to Telling How You Usually Feel or Act?
Make an “X" in the appropriate square.

11. When you are with a growp of people,

1. Are you usually would you usually rather 20.1In 2 large group, do you more often
O a “good mixer,” [ foin in the talk of the group, [ introduce others,
_or or ar
[ rather quiet and reserved? [ talkc with one person at a time? L] get introduced?
L If you were a teacher would you 12. Do you admire more the people
rather beach who are 21. Would you rather be considered
O fact courses, [ conventional enough never to [ a practical person,
or make themselves conspicuous, or or
O courses invalving theory? [] oo original and individual to care [ an ingenious person?

whether they are conspicuous or not?

3 Isitahigher compliment to be called 13. Do you more aften let 22 Do you usually
[ a person of real feeling, [ your heart rule your head, [ value sentiment more than logic,
or or ar
[ a consistently reasonable person? 1 your head rule your heart? [ value logic more than sentiment?

Figure 1.53 Myers-Briggs Test

Name

LOCUS OF CONTROL INVENTORY

Instructions: Fead each statement carefully; then indicate the extent to which you agreewith it by writing a
the blank provided. There are no right or wrong choices; just choose the one that is right for you. [ftherespa
not adequately indicate your owmn opindon, use the mamber closest to the way wou feel. Tlse the following loey:

atrongly (G enerally Agree Agree Seldom or
Agres Agreg somewhat Only Slightly Mewver Agree
4 3 2 | 0

1. I determine what matters to me in the organization,

2. The course of my career depends on me.

3. My success or falure depends on the amount of effort T exert.

4. The people who are important control matters in this organization

5. My career depends on my seniors.

6. My effectiveness i this organization 15 determmined by senior people.

7. The organization a person joins or the job he or she takes 15 an accidental occurrence.
8. A person’s career i a matter of chance.

9. A person’s success depends on the brealks or chances he or she receives.

10.5uccessful completion of my assignments 15 due to my detailed planning and hard worl
11 Being liked by seniors or making good impressions on them influences promotion dect
12 Recetving rewards in the organization 1g a matter of luck

13 The success of tny plans 12 a matter of luck

Figure 1.54 Locus of Control Test
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Name

Responsible Risk-taking Inventory

scale 1 2 3 4 5 & 7 & G
complete moderate complete
dizsagreement agreetnent agreetnent

1Ireach out to new people easily.
2. F adapt wyy work to fif wy persanaliiy.
3 Itrust people a lot.
4. Fam proud to “show aff 7 goad wark.
3. I often stand up for people who are not popular.
t. [ am rewarded for my good suggestions.
7 I try to work closely with people.
& I often challenge oid polices and views.
9 Tam sometimes hurt by people who I have supported.
L0 P am flexible in how [ do my wark,
11. T zingle out thoze whoe need special recognition.
2. aften explore new ways fo da my work.
13, I feel it 1z important that people believe in you.
24, T try to make new things happen.
15 Tlike to be part of a “give-and-take™ team effort
6. [ like the chance io prove myself—to show
wheat | can really accomplish an my owan.
17 1 feel followers build relationship s as much as leaders.
L8 [ aften find athers copyving wiy ideas.

Figure 1.55 Responsible Risk Taking Inventory Test

In the simulation training portion, subjects were provided inspection training on the computer-
simulated aircraft inspection task (Eigures 1.56 through 1.59). Subjects were tasked with completing
the inspection of the Aft-Cargo bin of an L-1011. Initially, subjects were provided with a work card -
- work instructions identifying the inspection task to be completed (Eigure 1.60). Then, the subjects
were presented with a series of photographic images that constituted a portion of the Aft-Cargo bin
of an L-1011 aircraft (Eigure 1.61). Each photographic image displayed on the computer screen
consisted of a single search area. Subjects could navigate from one area to the next by using the
“navigational —aid” provided in the software. As each area was displayed, subjects visually searched
the area for defects and reported their identification by clicking the mouse on them. Subjects could
use four separate tools — a mirror, flashlight, magnifying glass and paint scraper--to aid them in their
search. Upon identification of the defects, subjects completed a non-routine card similar to the one
they would complete during the actual inspection in the hangar (Eigure 1.62).
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b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Cracls

Locations:

near nvets, joints, any area of
sfress

Indicators:

chipped paint, near holes, highly
stressed points

Frevious |
[efemt MHext Defect |

Figure 1.56 The Crack Defect Simulated in ASSIST
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‘b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:

Corrosion

Locations:

near floor, jomnts, anywhere
motsture collects

Indicators:

fine grey powder,
bubblingfbulgmg, pamt chipping,

darlc strealts arcund rivets

Previous 217
Defect

Figure 1.57 The Corrosion Defect Simulated in ASSIST
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b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Damaged nvets

Locations:

any rivets m structure

Indicators:

datl hole appears where
hardware should be

Previouz
Defect

Figure 1.58 The Damaged Rivet Defect Simulated in ASSIST
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b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Damaged conduts

Locations:

any condut under Hloors or in
walls

Indicators:

cotidutt trsshapen of bent

Previouz
Defect

Figure 1.59 The Damaged Conduit Defect Simulated in ASSIST
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b ASSIST Simulator - Introduction 2/3

wonCenr | TigerAir Task Card | Codiiunte:

5/9/00 Aircraft L1011 Rewv B 03-18-98

Title: Under Floor Aft Cargo Bin Work Area: Aft Cargo Bin - C3

Mec: | Insg: |1, i 134, B o deillod v Work Card

ispection of aft cargo compartment,
area C3 under floor including all
cotmpotents and systems.

& Pay particular atterition to the fuselage
fail-safle straps for any evidence of
delamination, corrosioty, lifting or
blisteting of straps, or splitting of seal.

B. Pay particular attention to aty sighs of
cotrosioty, such as blisteritiz paint.

C.  Inspect for aty evidence of damage
such as bent or broken components,
sheated ot missing fasteners, or cracks
at stress poitits.

Figure 1.60 Work Card Used to for the Simulation in ASSIST
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b ASSIST Inspection Simulator

e
T oolbox
‘. Port -}
Aft * Fore Area Work Card Exit
Starh. Finizhed Complete Xl
Station 1725,
Stringer 35

Figure 1.61 Simulation Module Containing a Picture of the Aft-Cargo Bin

Sl ASSIST lencpeclinrn Simulalm

Codbul._.

e
-
T . II [[] k9
1. Mok -}
il QRS Area Work Card Exit
zhora Finizhed Complete

Slalon 1740,
Sirrger 47

Figure 1.62 Non-routine card used to Write-up Defects Found in the
Simulator
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In the training mode, subjects were provided with immediate feedback on their performance
following the inspection of each search area, including feedback on missed defects, false alarms
(areas incorrectly identified as having defects), the time to complete inspection and the correctly
completed non-routine card (Eigure 1.63). The elements of the simulation module are shown in
Table 1.25.

Table 1.25 ASSIST Simulation Module

Sub-module Content Method Delivery
System
1. Introduction Introduction and observe simulation Pre-training CBT
example of 6 trials and
feedforward
2. Practice simulation Perform sample simulation test of 9 active and CBT
test trials with feedback feedback
3. Simulation test Perform s_imulation test of 32 trials Active and CBT
with or without feedback feedback

ASSIAT - lreque Feralhak

O viiggez Defoc =asaly Detzolas Sraa D Caracihy [da-tif ed Datact

ez rzpacied li-speclion ™ mz 1.1
nx: NN - Nz i,
S lahan 10U,
Shngen 40

Figure 1.63 Feedback Provided in the Simulation Module

After completing the training, subjects in the training group and those in the control group performed
the criterion inspection tasks in both the paced and unpaced modes (Trial blocks 1 & 2). The visual
inspection tasks consisted of 32 distinct search areas (trials) within a distinct and logical portion of
the Aft-Cargo bin of an L-1011 (a single trial block) wherein subjects searched for seven computer-
simulated airframe structural defects: cracks, corrosion, damaged rivets, damaged conduit,
delaminated terrastrap, dent and loose hardware. The probability, location and defect mix were all
pre-specified using the parameter file. Of the 32 trial areas that made up each of the two trial blocks,
4 contained two defects, 9 one, and 19 zero. Initially, subjects performed the inspection task in the
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unpaced mode and then in the paced-mode so that the results of Trial block 1 could be used to
determine the actual pacing conditions for Trial block 2. All subjects served as their own control and
were paced at their own unpaced Trial block 1 times.

Data Collection

Data was collected on the following measures:
Demographics: Age and experience.

Scores on individual differences tests:
- Myers-Briggs Test49
- Group Embedded Figures Test (GEFT) 51
- Locus of Control Test (LOC) 55
- Responsible Risk Taking Inventory Test 63
Performance measures:
- Mean inspection time - the average time in minutes for each trial block,
- Mean percent detected - the average percentage of defects correctly detected,
- Mean false alarm rate - the average number of defects falsely identified,
- Mean non-routine workcard score - the average score: from the non-routine workcard write-
up.
1.6.2 RESULTS

Data reduction was performed on the raw data, and analysis of variance (ANOVA) was conducted
on the following performance means: mean inspection time (Appendix B), mean percent detected
(Appendix C), mean false alarm rate (Appendix D), and the mean score from the non-routine
workcards (Appendix E). Means and standard deviations were also calculated for the performance
measures (Appendix F). Following the analysis of variance, a post-hoc analysis was performed on
the data using correlation and factor analysis. First, the correlation analysis was completed, and then
the results from the correlation table were subjected to a factor analysis using varimax rotation of
orthogonal factors.

Speed Measures

ANOVA conducted on mean inspection time showed a significant main effect of pacing with no
significance for training or interaction effect (Table 1.26).

Table 1.26 Summary ANOVA indicating the F values

Training Pacing  Training*Pacing
Mean inspection time (min) 0.01 20.56** 0.12
Mean percent detected 11.61** 16.10** 2.38
Mean false alarm rate 9.41** 5.95* 1.43
Mean non-routine workcard score 10.11** 10.78** 3.49
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* p<0.05
**p <0.01

Accuracy Measures

ANOVA on mean percent detected revealed significant main effects of pacing and training with the
interaction effect not significant. ANOVA performed on the mean false alarm rate also showed a
significant main effect of pacing and training but not for the interaction effect. ANOVA on the
mean non-routine workcards scores revealed a significant main effect for both pacing and training
with no interaction effect. (Table 1.26)

Correlation and Factor Analysis

Following analysis of variance, correlation analysis was performed on the demographic and pretest
measures and on the performance measures for both the untrained and trained groups separately and
another with both the groups combined. This analysis was performed for the mean values to identify
the degree of association between the performance measures, scores on individual differences tests,
age, and experience with the significant correlation's highlighted. The correlation analysis was
performed with the data from the nine trained subjects (Appendix G) and a second from the nine
untrained subjects. Based on these results, the Myers-Briggs scores were eliminated from further
study because of the lack of correlation with performance measures.

Having completed this step, the intercorrelation matrix of the correlation measures was then
subjected to a factor analysis using varimax rotation of orthogonal factors. Four factor analysis tests
were performed on the following: all 18 subjects (Appendix H), the nine trained subjects (Appendix
1), the nine untrained subjects (Appendix J), and the demographic and pretest measures for all 18

subjects (Appendix K).

1.6.3 DISCUSSION

The objective of the study was twofold: first, to compare the effects of computer-based training
(CBT) and specifically ASSIST for inspection tasks under different pacing conditions and second, to
relate these results to differences in individual abilities as measured by the individual differences
tests. Most importantly, as the data indicated, ASSIST was effective because the trained group
performed better than the untrained group. The results of this study are encouraging as to the
effectiveness of computer-based inspection training and specifically ASSIST in improving
performance. Performance of the training group significantly improved on the criterion inspection
task, the inspection of Aft-Cargo bin of L-1011, following training. Of greatest interest was the
increase in the percentage of defects detected and the reduction in the number of misses for the
training group compared with that for the control group. The training group detected a significantly
greater number of defects and missed fewer. This has implications for on the job performance where
detection of defects and having a low number of misses are critical to improving inspection
performance and ultimately aviation safety. Furthermore, inspectors assigned to the training group
also reported higher scores on the non-routine cards following training compared to the control
group. These scores measure the correctness and appropriateness of the information entered by the
inspector using the non-routine cards following the identification of defects. Subjects responses
entered on the non-routine card were scored based on a “standard or correctly completed non-routine
card.” The information entered on these cards is critical for follow-up maintenance action because
incorrect entries or incorrect information can result in erroneous maintenance action. In addition to
this, ASSIST was equally effective for both paced and unpaced conditions. Additionally, the results
showed that age, computer experience, and the Responsible Risk Taking Inventory Tests scores were
correlated to performance on the inspection tasks. The most salient findings are discussed below for
the various inspection performance measures.
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Analysis of performance measures revealed that training was equally effective, for both paced and
unpaced trials, in improving performance when measured in term of accuracy scores, percentage
detected and nonroutine workcard scores. That is, the trained group performed better under both
paced and unpaced conditions. This bodes well for the use of the ASSIST training program for
different types of inspection checks that are constrained by time for example, RAMP checks --
conducted under highly paced situations and the different letter checks - A,B,C, and D -- a less paced
situation in which the inspector has a fixed amount of time to inspect the aircraft varying from
overnight, 2 days, 1 month, and 4 months respectively. Since inspection performance of the trained
group improved in both paced and unpaced situations, it is anticipated that inspectors who undergo
training and are typically assigned to RAMP checks will also benefit from this training program
under time pressures as well as inspectors, who are under less time pressures, assigned to letter
checks. Further analysis of the three accuracy measures, percent correctly detected, non-routine
workcard scores, and false alarms, revealed that the trained group performed better on percent
correctly detected and non-routine workcard scores. Accuracy results also revealed a high number
of false alarms for both paced and unpaced trials, indicating the inspectors were prone to identify
non-defects as defects. While this tendency is more desirable than defects not being identified, it is
more efficient to the airline industry to reduce the number of false alarms. Nonetheless, in the
aircraft maintenance environment, safety is of paramount importance, and at least the training
program is a first step towards a higher safety count. The next step would be to identify strategies to
reduce the false alarms without affecting the hit rate and, in turn, safety.

Upon further analysis of the correlation table, partial effects were detected with regard to the speed-
accuracy trade-off theory (SATO), which states that as time increases, hit rate and false alarms
increase. In the unpaced condition, those subjects who spent more time had an increase in false
alarms rate yet didn’t show a similar increase in hit rate; while under the paced condition, the reverse
was true: maximum time spent yielded more hits without an increase in false alarms. This result can
be explained by typical search behavior models, which show that defects are detected early in the
search process because the time to find defects is exponentially distributed rather than normally.15
Thus, the more time spent on searching, the more false alarms will be identified since this tendency
takes place in the later half of the search process.14 In unpaced situations, then, there are more false
alarms because there is more time, while under paced conditions there is a time constraint to search,
leading to early detection of defects without extra time to identify false alarms.

Additional analysis was conducted looking at the effect of ASSIST in relation to the individual
abilities measured by the demographics survey. As the results indicated, the younger inspectors,
who had more computer experience performed better on the accuracy measures, both percentage
detected and non-routine workcard score, than the older, ones. This finding may be due to the
subject population: the younger, less experienced subjects had more computer experience and,
hence, their performance on simulated inspection tasks may be an artifact of their computer
experience rather than their inspection skills. Although the use of computers may be a matter of
concern, demographics in the airline industry are changing. The pool of potential inspectors with
computer experience is increasing; therefore, the future aircraft maintenance workforce will come
from younger technicians with updated computer skills. However, it is critical that airline industry
take steps to reduce the computer experience gap. Another supporting factor of the effectiveness of
ASSIST is based on an extension of this study that looked at the transfer effects of simulation-based
training on hangar floor performance using inspection of an aft-cargo door. The study revealed that
of all subjects who underwent computer-based training on the ASSIST program those with superior
computer experience reported the greatest gains showing superior performance on the representative
hangar floor task.30 These results indicated that inspectors with superior computer experience took
the greatest advantage of computer-based training and used it most effectively to improve their
performance on the inspection task in the hangar floor.

Analysis of the four individual differences tests revealed inequality of effectiveness in terms of their
usefulness in understanding the inspection performance of individuals. Most importantly, the
Myers-Briggs Test did not show any significance in relation to the inspection performance
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measures. Typically these tests, used extensively in environments such as business, counseling, and
education, are used to build teams, develop leadership, and determine lifestyle pursuits, where
successful results of the tests include improved work and personal relationships, in turn increasing
productivity.49 Even though the test may apply to other functions the inspector performs, such as
problem solving, delegation, and communication, it may not be applicable to tasks involving specific
inspection skills such as visual search and decision making that are critical to performing the
inspection task.

The most unexpected finding was the lack of correlation with the Locus of Control Test and the
performance measures. A high score on this test categorizes an internal person, one who feels that
he controls his own destiny, while a low score indicates an external person, who feels what happens
to him is due to luck or chance. Freeman, Eskew et al., and Sanders et al., all found significant
findings for Locus of Control Tests between performance measures in inspection tasks.19,24,57
Specifically, Eskew et al. found Locus of Control to be related to pacing in their study, indicating
that self-paced internals scored fewer false alarms than self-paced externals while machine-paced
internals scored more false alarms than machine-paced externals.19 Eskew summarized that
although Locus of Control showed potential as a selection tool for inspectors, its success depended
upon the particular situation, with the level of pacing and relative importance of misses and false
alarms also being considered.19 Although this aircraft inspection study included an unpaced and
paced task, all inspectors completed the paced task, indicating that subjects were able to compensate
for time pressures by investing additional resources to ensure completion. This ability which can be
explained by using the resource allocation theory states that people learn to compensate for
constraints by discovering strategic ways to allocate limited resources in the most optimal fashion.68

The Group Embedded Figures Test (GEFT) showed no correlation between it and the performance
measures. The GEFT and the Embedded Figures Test (EFT), both measuring the ability to separate
an individual figure from a more complex stimulus of which it forms a part, determine the field
independent-dependent score.46 Field dependency is defined as “a tendency for the organization of
the field as a whole to dominate perception of its parts” while field independence is *“a tendency for
items to remain discrete from the organized field in which they are contained”.70 Gallwey, who
conducted several geometrical-type studies, found that the EET was a good predictor of several
performance measures including stopping time, missing rate, size errors, decision errors, and
classification errors.25 These results were expected since the EET uses geometrical patterns;
however, it is questionable whether it would work as well on different types of tasks. Since Gallwey
concluded that EFT worked so well in his study, he believed it was applicable to other non-
geometrical tasks.25 The lack of correlation between the GEFT and the performance measures in
the aircraft inspection study could be due to the differences between this study and standard
laboratory inspection tasks in which the inspector is looking for a particular figure embedded within
a complex figure. This finding implies that the inspection task in the aircraft maintenance
environment is not as simplistic as a geometric-figures task, especially since aircraft inspection is not
only skill-based, as in Gallwey's studies, but also knowledge-based depending on where the defects
occur; for instance, cracks develop near rivets and corrosion typically occurs in the bottom of the
aircraft due to condensation that tends to seep and stagnate in the lowest part.20,21,25

Analysis of the Responsible Risk Taking Inventory (RRTI) test revealed a negative correlation
between the workplace risk score and the two accuracy measures, percent correctly detected, non-
routine workcard scores and performance on the hangar floor test. The RRTI, which reveals both a
personal and a workplace risk, with a high score indicating a more risky behavior than a low one,
showed that those classified more risky in the workplace detected fewer defects, scored lower on the
non-routine workcards and had lower accuracy performance on the hangar floor test. According to
this result, the airline industry can formulate two obvious strategies to select and hire less-risky
inspectors, or the more appropriate one being to train inspectors to be less risky. According to
Thapa et al., feedforward information can be used to train inspectors to be less risky.67 However,
efficiency and safety, two critical yet separate goals of the airline industry, are not mutually
exclusive since an airline will not continue to be profitable if it has a poor safety record.
Nonetheless, safety is of greater importance than efficiency, and training inspectors to be less-risky
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inspectors could be a step towards improving safety.

After the correlation analysis was developed, the intercorrelation matrix of the performance
measures, demographic data, and individual differences tests was subjected to a Factor Analysis
using varimax rotation of orthogonal factors. Appendix | and J, respectively, show the factors that
emerged for the trained and untrained group. For the trained group, Factor 1, with a total variance
of 56%, loaded negatively on RRTI Tests and positively on performance measures appearing to
represent a "risk" factor. Factor 2, with a total variance of 25%, represents a "skills" factor, loaded
negatively in GEFT and paced time and false alarms. Factors 3 and 4 represent an "experience" and
"locus of control” factor, with total variances of 24 and 22% respectively. For the untrained group,
Factor 1, with a total variance of 39%, represents a "performance” factor loaded on time and
accuracy. Factor 2, with a total variance of 34%, loaded heavily on the RRTI tests and negatively on
unpaced false alarms, appearing to represent the "risk™ factor. And finally, Factors 3 and 4 represent
the "experience" and "locus of control" factors, respectively.

In general, the results have demonstrated that the usefulness of computer-based training and
specifically ASSIST results in improved performance under unpaced and paced conditions.
Specifically, the following conclusions can be drawn from this study:

Inspection performance: The trained group performed better than the untrained group on
accuracy measures, percentage detected, and the non-routine workcard score.

Pacing: Training was equally effective for both paced and unpaced inspection conditions.

Accuracy measures: Under unpaced conditions, the false alarm rate increased while under paced
conditions, accuracy improved.

Age and Experience: Younger inspectors who had superior computer experience were more
comfotable using computer based training and had higher accuracy scores on the simulation test,
which translanted into superior performance on the hangar floor .

Individual Differences Tests: The Myers-Briggs Test, Locus of Control Test, and GEFT showed
no significance with performance measures. However, the Responsible Risk Taking Inventory test
is a good predictor in identifying less risky inspectors since in this study subjects who scored lower
on risky behavior measures scored higher on accuracy measures.

The results of this study have obvious implications on the future use of training programs,
specifically computer-based training. This training was effective; however, the goal of future
training programs must be to reduce false alarms. Perhaps one approach could start with a generic
program addressing certain components, after which inspectors would complete sections classifying
them as either risky or less-risky then target certain modules in order to develop an adaptive training
program based on risk preferences in which the more risky people were taught to behave less so.
Once the inspectors are calibrated, the program could have specific modules that focus on lowering
false alarms. Basically, the training program would be adapted to the needs of the inspector. As the
result of this study indicated, computer-based training has much promise to be used as a very
effective tool, but only if its potential is realized in a way which is consistent with the existing
knowledge of the aircraft maintenance environment to ensure both a safer and more profitable
airline.

1.6.4 Conclusions

The results of this research throws new light into devising training programs for improving aircraft
inspection performance and ultimately aviation safety. The findings from the experiment were
integrated into a set of recommendations for use of practitioners in the aviation industry and
improving aircraft inspection performance.
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To summarize the experimental findings:

1. Training was equally effective in improving inspection performance under both paced and
unpaced situation which bodes well for the use of similar content in training for inspection under
different inspection situations.

2. Age, experience and Individual Differences as measured by the Responsible Risk Taking
Inventory are correlated with inspection performance.

The above results have implications for improving and standardizing inspection performance.
Drawing from the results of the study the following generalizations can be made for improving
inspection performance that can be used by the practitioner of human factors in aircraft maintenance
environment.

Standardization of Work Instruction

It is seen that the lack of standardization of work instruction (both written and oral) can critically
impact the manner in which inspection is conducted. This can be magnified by the individual
differences reported across inspectors in their ability to perceive risks and costs. Work instructions
can impact the following:

1. search of an area for defects --how to inspect, how long to inspect, identification of critical
items

2. decisions made by inspectors on defects identified — write ups for non-routine cards, when to
mark it and write it up, deferred item, etc

3. use of inspection support material/standards — tools, job-aids, manuals, air-worthiness
directives, support equipment.

4. transfer of work during shift change

To ensure standardization of work instruction both written and oral it is critical that the inspectors
follow a standardized work protocol. As a starting point practitioners can follow the detailed
protocol outlined by Gramopadhye and Kelkar.32 The flow chart of the standardized protocol is

shown in Eigure 1.64.

Adaptive Training

It is clear that any training to further improve inspection performance needs to be sensitive to
individual differences and hence needs to be adaptive in nature. The results of the study have
implications for two of the three components for a typical training program: the content, which refers
to what type of material is presented, and the method, which refers to how the material is presented,
for example, feedforward, feedback or active training. Using the results of the individual differences
tests which indicate post-training performance, salient traits of inspectors can be identified and then
a program can be developed to fit the individual's needs under a specific situation.

An example used to illustrate how to develop such a training program for inspecting the nose landing
gear and wheel well assembly of an aircraft is used as outlined by Gramopadhye, et al.33 Table 1.27
shows this inspection process broken down into (1) the structures, or the components to be inspected,
and (2) the defects, or the nonconformities, to identify for the three search areas: wheel well, nose
gear assembly, and nose gear tire. The basic elements of the training program are outlined in the
next section.
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Figure 1.64 Standerdized Shift Change Protocol

Table 1.27 Nose Landing Gear and Wheel Well Inspection (B-check)

Wheel Well, Doors, Adjacent Components =~ Nose Gear Assembly & Installation

Structure

1.  Wheel well hydraulic
tubing conduits

2. Wheel well doors linkages
springs, stop cables, drive rods and
hinges

http://hfskyway.faa.gov/HFAMI/Ipext.dIl/FAA%20Research%201989%20-%202002/1...

Defects

Condition

Corrosion

Fluid
leakage

Condition

Visual
damage

Structure

1. NLG shock stout, bracestrut,

torque arm, ground sensing

mechanism, cables, actuating cylinder,

linkages, springs

2. Landing gear shock strut

Defects

Corrosion

Nose Gear Tires & W

Structure

1. Wheel hub valves, tie

bolts
Visual damage
Nicks & dings
Fluid leaks
Security
Check for normal extension 2. Tires

Cleanliness

Clean exposed portion of piston with
red hydraulic oil & wipe dry

1/31/2005
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Corrosion
Security
3. Downlock markings - General 3. Nose steering mechanism - Condition 3. Water deflector
condition assembly
Leakage
Cleanliness - Worn cables
Release of nose steering bypass
Check spring landed to steering
position
4. NLG alignment spotlight - Check 4. Torque links - Loose bushings and bolts

Worn bushings and bolts

5. NLG taxi light : 5. Landing gear lock pins & red - Condition
Cleanliness  warning streamers

Secure attachment of streamers to lock

Filament pins
condition
Length of streamers should be 24-32"
Security long
of assembly
6. NLG doors - Closed
doors
Secured
doors
(procedure
given)
7. Aircraft wheel checking placard -
(location given) Condition
Security
8. Nose tire pressure placard
(location given) Condition
Security
9. Uplock and downlock :
proximity sensors Condition
Security

The Training Program

The training program should consist of the following five steps:

1. Pretesting. The first step in the training program is to administer the pretests to categorize
subjects based on their individual abilities. For this example, the Responsible Risk Taking Inventory
Test is given to measure risky behavior and a survey is conducted to determine the amount of
computer experience for each subject.

2. Computer Training. Based on the classification of the computer experience, only those subjects
with limited experience would be administered training to increase their computer knowledge. They
would actively participate in tasks on the computer with feed-forward information including what
skills they would be learning and practicing and then feedback on their progress.

3. General Training. After all subjects are brought to the same level of computer experience, they

would then be administered the generalized training program in ASSIST, consisting of the following
modules: role of inspector, safety, aircraft review, factors affecting inspection, information on the
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area, information on workcard usage, examples of defects in each area, inspection procedure, and a
final test. Throughout the training, subjects would receive feed forward information and participate
through active training by studying the modules and taking a test at the end. They would also
receive feedback information on what they learned and how they performed on the test.

4. Risk Training. Following the generalized training, the subjects who were classified by the
pretest as risky would be administered active training with feed forward information to reduce their
risk tendencies by reviewing different inspection scenarios to determine their optimal search time.
Since risky people have a tendency to take less time searching, they would receive feed forward
information telling them how long to spend searching, then feedback information telling them how
long they actually spent along with their accuracy levels.

5. Simulated Task Training. After the risky subjects are at the same level as the non-risky ones,
subjects would be given feedforward information consisting of the optimal time they should take to
inspect, the defects to look for, and the likely locations where they would occur. Then, all subjects
would be administered the simulation training program in ASSIST under various paced
environments reflective of RAMP, A,B,C, and D checks, where RAMP checks represent the highest
pacing level and D checks, the lowest. Using active and schema training, various scenarios would
be used to represent RAMP, A, B, C, and D checks, which are essentially time pressures and
situations where different defects are occurring. Feedback information would include the time taken
to find the defects, the subject's accuracy level, the defects detected and those missed, and search
areas missed. Table 1.28 and Figure 1.65 outline the steps, content, method, and delivery system of
the training program described above.

Table 1.28 ASSIST Training Program

Step Content Method Delivery
System
1. Administer pretests -  Responsible risk taking . Survey

and categorize subjects  jnventory
based on scores

Computer experience

2. Computer training -  Extra computer training using - Computer-
only for subjects with ASSIST sub-modules Feedforward based (CBT)
little computer
experience - Feedback
Active
3. Generalized training -  Role of inspector . CBT
for all subjects Feedforward
- Safety
Feedback

Aircraft review

L . Active
Factors affecting inspection
Information on the area

- Information on workcard
usage

Examples of defects in each
area
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Inspection procedure

Final test
4. Risktrainingonly -  Different scenarios
for subjects classified as  emphasizing the optimal time to
risky from pretest spend inspecting
5. Simulated - Different scenarios using

inspection training under RAMP, and A,B,C, and D checks
paced and unpaced
conditions

Feedforward

Feedforward
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0O
w
—

Feedback

Active

0O
w
—

Feedback
Schema

Active
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ASSIST Training Program Components
1. Pre-testing Acminister R esponsitle Risk
of 4l inspectors Taking Test and survey an

compter experietice. Classify
people as risky or norrrisky and
as having much or little com puter

ex et ence.
2. Computer training ordy Compniter traiting using ASIIST
for sl ects with little compater sub-modhales
ex periefice
¥
3. Generalized training  for *  Rale of inspector
all inspectors * Bafety
* Adrcraftreview
*®  Factors affecting inspection
*  Information on the area
*  Information onworkeard usage
*  Examples of defects in each area
*  Inspectionprocedure
*  Final test
¥
4. Rigk training for subjects Different scenarios
classified as risky inspector s etmphasizing the optismal
tithe to spend inspecting
¥ i
5. Bimulated inspection *  RAMF checks
traiming for all ashjects * A B.C, D checks

Figure 1.65 ASSIST Training Program

In summary, this research has shed new light on understanding the effectiveness of aircraft
inspection training and the usefulness of individual differences tests in improving aircraft inspection
performance and reducing errors. The results have both theoretical and practical implications.
These findings change the ideas behind the theory of developing training programs, by using
individual differences tests and pacing, leading to a more efficient and effective program. The
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improvements in inspection performance will then lead to reduced errors and improved aviation
safety.

1.7 REFERNCES

1. Andre, Jeffery T. (1996) Visual Functioning in Challenging Conditions: Effects of Alcohol
Consumption, Luminance, Stimulus Motion, and Glare on Contrast Sensitivity. Journal of
Experimental Psychology: Applied, Vol. 2, No. 3. pp. 250-269.

2. Belbin, R.M. and Stammers, D. (1972). Pacing stress, human adaptation and training in car
production. Applied Ergonomics. 3 (3), 142-146.

3. Bevis, F.W. and Towill, D.R. (1974) Continued Learning and the work study Observer. Work
Study and Management Services. Vol. 18, pp. 420-427.

4. Blackmon, B. and Gramopadhye, A. K., 1996. Using the aircraft inspectors training system
(AITS) to improve the quality of aircraft inspection. Proceedings of the 5" Industrial Engineering
Research Conference, Minneapolis, MN, pp. 447-452,

5. Buckner, D.N., Harabedian, A., and McGrath, J.J. (1960) A Study of Individual Differences in
Vigilance Performance. In Studies of Human vigilance, Technical Report, No. 2. (Coleta,
California: Human Factors Research incorporated).

6. Campbell, F.W. (1974) The transmission of spatial information through the visual system. In
F.O. Schmitt & F.G. Worden (Eds), The neurosciences: third study program. Pp95-103. Cambridge,
MA: MIT Press.

7. Coury, B.G., and Drury, C.G. (1986). The Effects of Pacing on Complex Decision Making
Inspection Performance. Ergonomics, vol. 29, pp. 489-508.

8. Czaja, S.J., & Drury, C. G. (1981). Training programs for inspection. Human Factors, 23, 473-
481.

9. Drury, C. G. (1978). Integrating human factors in statistical quality control. Human Factors,
20, 561-570.

10. Drury, C. G. (1991). The maintenance technician in inspection. In Human Factors in Aviation
Maintenance - Phase One Progress Report, DOT/FAA/AM-91/16, Washington, DC: Office of
Aviation Medicine, pp. 45-103.

11. Drury, C. G., & Chi, C.F. (1995). A test of economic models of stopping policy in visual
search. IIE Transactions, 382 -393.

12.  Drury, C. G., 1978. Integrating human factors in statistical quality control. Human Factors, 20:
561-570.

13. Drury, C. G., 1991. The maintenance technician in inspection. In Human Factors in Aviation
Maintenance - Phase One Progress Report, DOT/FAA/AM-91/16, Washington, DC: Office of
Aviation Medicine, pp. 45-103.

14. Drury, C.G. (1973) The Effect of Speed of Working on Industrial Inspection Accuracy.
Applied Ergonomics. Vol.4 no.1, pp.2-7.

15.  Drury, C.G. (1992) Inspection Performance. In Handbook of Industrial Engineering. (Editor:
Salvendy, G.) Wiley, New York, pp. 2282-2314.

16. Drury, C.G. and Gramopadhye, A. K. (1990). Training for visual search. In Proceedings of the
3rd FAA Meeting on Human Factors in Aircraft Maintenance and Inspection: Training Issues.

17.  Drury, C.G., Prabhu, P.V., and Gramopadhye, A.K. (1990). Task analysis of aircraft

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/1... 1/31/2005


http://hfskyway.faa.gov/HFAMI/lpext.dll/FAA

NextPage LivePublish Page 105 of 111

inspection activities: Methods & findings. Proceedings of the Human Factors Society, 31 Annual
Meeting.

18. Embrey, D. E. (1979). Approaches to training for industrial inspection. Applied Ergonomics,
10, 139-141.

19. Eskew, Jr., Rhea T. and Charles V. Riche, Jr. (1982). Pacing and locus of control in Quality
Control Inspection. Human Factors, 24 (4), 411-415.

20. Federal Aviation Administration (1991). Human Factors in Aviation Maintenance - Phase
One Progress Report, DOT/FAA/AM-91/16, Washington, DC: Office of Aviation Medicine.

21. Federal Aviation Administration (1993). Human Factors in Aviation Maintenance - Phase
Two Progress Report, DOT/FAA/AM-93/5, Office of Aviation Medicine, Washington, D. C.

22. Federal Aviation Administration (EAA) (1998). Human Factors Guide for Aviation
Maintenance. Available on Internet: http://hfskyway.faa.gov/document.htm.

23.  Fletcher, J. D., 1995. What have we learned about computer based instruction in military
training? NATO Research Study Group, RSG 16: Workshop on Lessons Learned.

24. Freeman, Mark J. and Duane 1. Miller. (1989) Effects of Locus of Control and Pacing on
Performance of and Satisfaction with a Simulated Inspection Task. Perceptual and Motor Skills, 69,
pp. 779-785.

25. Gallwey, T.J. (1982). Selection tests for visual inspection on a multiple fault type task.
Ergonomics, Vol. 25, No. 11, 1077-1092.

26. Gallwey, T.J. and Drury, C.G. (1986). Task complexity in visual inspection. Human Factors.
28 (5) 595-606.

27. Ginsburg, A.P., Evans, D.W., Sekuler, R., and Harp, R.A. (1982) Contrast Sensitivity predicts
pilots’ performance in aircraft simulators. American Journal of Optometry and Physiological Optics,
59, pp. 105-109.

28. Gordon, S. E. (1994). Systematic training program design: Maximizing effectiveness and
minimizing liability. New Jersey: Prentice Hall.

29. Gramopadhye, A. K., Drury, C.G., & Sharit, J. (1993). Training for decision making in aircraft
inspection. In Proceedings of the Human Factors and Ergonomics Society 37" Annual Meeting, pp.
1267-1271. Santa Monica, CA: The Human Factors Society.

30. Gramopadhye, A. K., Melloy, B. J., Bingham, Jamie, Master, Reena and Chen, Stacye. (2000).
The Use of a High Fidelity Simulator to Support Aircraft Inspection Training: Development and
Usability Analysis. International Journal of Industrial Engineering - Theory Applications and
Practice (In review).

31. Gramopadhye, A., Bhagwat, S., Kimbler, D., and Greenstein, J., 1998. The use of advanced
technology for visual inspection training. Applied Ergonomics, V(29), n(5): 361-375.

32. Gramopadhye, A.K. and Kelkar, K. (2000). Analysis of Shift Change in the Aircraft
Maintenance Environment: Findings and Recommendations, Comtemporary Ergonomics, Editors:
McCabe. P. T., Hanson, M.A., and Robertson, S.A., Taylor and Francis, 98-103.

33. Gramopadhye, A.K., Drury, C.G., and Prabhu, P.V., 1997. Training strategies for visual
inspection. Human Factors and Ergonomics in Manufacturing. Vol 7 (3): 171-196.

34. Gramopadhye, A.K., Krause, D.C., Pradeep, R. and Jebaraj, D. (1995). Team training for the
aircraft maintenance technician: The aircraft maintenance team training (AMTT) software. Tenth

Federal Aviation Meeting on Human Factors Issues in Aircraft Maintenance and Inspection.
Atlanta, GA: FAA.

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/1... 1/31/2005


http://hfskyway.faa.gov/document.htm
http://hfskyway.faa.gov/HFAMI/lpext.dll/FAA

NextPage LivePublish Page 106 of 111

35. Harris, D.H. (1964). Development and validation of an aptitude test for inspectors of
electronic equipment. Journal of Industrial Psychology. 2. 29-35.

36. Hollnagel, E., 1989. The phenotypes of erroneous actions: Implications for HCI design. In G.
R. S. Weir and J. L. Altry (Eds.), Human Computer Interaction and Complex Systems. Academic
Press, London.

37. Jamieson, G.H. (1966). Inspection in the Telecommunications Industry: A field study of age
and other performances. Ergonomics, 9, pp. 297-303

38. Johnson, W. B., 1990. Advanced technology training for aviation maintenance. Proceedings of
the 3 International Symposium on Human Factors in Aging Aircraft, Washington, DC.

39. Krais, K. and Knaeuper, A. (1982) Using visual lobe area measurements to predict visual
search performance. Human Factors, 24, 6, pp. 673-682.

40. Kundel, H., Nodine, C., and Kripinski, E., 1990. Computer displayed eye position as a visual
aid to pulmonary nodule interpretation. Investigative Radiology, (25): 890-896.

41. Latorella, K.A., Gramopadhye, A. K., Prabhu, P. V., Drury, C.G., Smith, M. A., & Shanahan,
D. E., (1992). Computer-simulated aircraft inspection tasks for off-line experimentation. In
Proceedings of the Human Factors Society 36" Annual Meeting, pp. 92-96. Santa Monica, CA: The
Human Factors Society.

42. Lock, M. W. B., & Strutt, J. E. (1985). Reliability of in-service inspection of transport aircraft
structures. Canadian Aviation Administration paper 85013.

43. Macklem, Gayle L. (1990) Measuring Aptitude. ERIC Digest. ERIC Document Reproduction
Service No. ED328608.

44. McFarling, Leslie H. and Norman W. Heimstra. (1975). Pacing, Product Complexity, and
Task Perception in Simulated Inspection. Human Factors, 17, 4, Pp. 361-367.

45.  McKernan, K., 1989. The benefits of prior information on visual search for multiple faults.
Unpublished Masters Thesis, State University of New York at Buffalo.

46. Megaw, E.D. (1979). Factors affecting visual inspection accuracy. Applied Ergonomics.
10,1,27-32.

47.  Micalizzi, J. and Goldberg, J. H., 1989. Knowledge of results in visual inspection decision:
sensitivity or criterion effect? International Journal of Industrial Ergonomics, (4): 225-235.

48. Mitten, L.G. (1957). Research team approach to an inspection operation. In: C.W. Churchman,
R.L. Ackoff and E.L. Arnoff, (Eds), Introduction to Operations Research, New York: Wiley.

49. Mpyers, Isabel Briggs, and Katherine C. Briggs. (1990). Myers-Briggs Type Indicator (MBTI),
Form G. Consulting Psychologists Press.

50. Naylor, J. C., and Briggs, G. E. (1963). Effects of task complexity and task organization on
the relative efficiency of part and whole training methods. Journal of Experimental Psychology, 65,
217-224.

51. Oltman, Philip K., Raskin, Evelyn, and Witkin, Herman A. (1998) Group Embedded Figures
Test, (Palo Alto, Califormia: Consulting Psychologists Press, Inc.)

52. Patel, S, Drury, C. G., & Lofgren, J. (1994). Design of workcards for aircraft inspection,
Applied Ergonomics, 25, 283-293.

53. Patrick, J. (1992). Training Research and Practice (New York: Academic Press).

54. Raffia, Howard. (1970). Decision Analysis — Introductory lectures on Choices under
Uncertainty. Addison-Wesley Publishing Company. Reading, Massachusetts. 68-97.

http://hfskyway.faa.gov/HFAMI/Ipext.dll/FAA%20Research%201989%20-%202002/1... 1/31/2005


http://hfskyway.faa.gov/HFAMI/lpext.dll/FAA

NextPage LivePublish Page 107 of 111

55. Rotter, J.B. (1966) Generalized Expectancies for Internal Versus External Control of
Reinforcement. Psychological Monographs, 42, pp. 939-943.

56. Salvendy, G., and Seymour, D. W. (1973). Prediction and Development of Industrial Work
Performance. Canada: John Wiley.

57. Sanders, M.G., Halcomb, C.G., Fray, J.M., and Owens, J.M. (1976). Internal-external locus of
Control and performance on a vigilance task. Perceptual and Motor skills, 42, 939-943.

58. Schoonard, J.W., Gould, J.D., and Miller, L.A. (1973) Studies of Visual Inspection.
Ergonomics, 16,4, pp. 365-379.

59. Schwabish, S.D. and Drury, C.G. (1984). The influence of the reflective-impulsive cognitive
style on visual inspection. Human Factors. 26. P. 641-647.

60. Shephard, W.T. (1992). Human Factors Challenges in Aviation Maintenance Proceedings of
Human Factors Society 36" Annual Meeting, Washington, D.C.: Federal Aviation Administration.

61. Shephard, W.T., Layton, C.F. and Gramopadhye, A.K. (1995). Human Factors in Aviation
Maintenance: Current FAA Research. Proceedings of the eighth International Symposium on
Aviation Psychology, 466-468.

62.  Sinclair, M. (1984). Ergonomics of quality control. Workshop document, International
Conference on Occupational Ergonomics, Toronto.

63. Smith, August W. (1986) Responsible Risk-Taking Inventory. The Educational Testing
Service. Princeton, New Jersey.

64. Smith, Leo A. and Barany, James W. (1970). An Elementary Model of Human Performance
on Paced Visual Inspection Tasks. AIIE Transactions. 2. 298-308.

65. Stelly, J., Jr., & Taylor, J. (1992). Crew coordination concepts for maintenance teams. In
Proceedings of the Seventh EAA Meeting on Human Factors Issues in Aircraft Maintenance and

Inspection, Atlanta, GA, 173-206.

66. Taylor, J. E. (1990). Organizational context for aircraft maintenance and inspection. In
Proceedings of the Human Factors and Ergonomics Society 34th Annual Meeting.

67. Thapa, V.B., Gramopadhye, A.K. and Melloy, B.J. (1996). Evaluation of Different Training
Strategies to Improve Decision-Making Performance in Inspection. The International Journal of
Human Factors in Manufacturing, 6(3), 243-261.

68. Wickens, Christopher D., Sallie E. Gordon, and Yili Liu. (1998). An Introduction to Human
Factors Engineering. Addison-Wesley Longaran, Inc. New York.

69. Wiener, E.L., (1975). Individual and group differences in inspection. In: C.G. Drury and J.G.
Fox (Eds.), Human Reliability in Quality Control. Taylor & Francis Ltd., London, 101-122.

70.  Witkin, H.A. and Oltman, P.K., (1967). Cognitive style. International Journal of Neurology, 6,
pp. 119-137.

1.8 APPENDICES

1.8.1 Appendix A- Selection Tests

Vision tests measure the visual capabilities of the individual by quantitatively measuring eye
characteristics such as accommodation and acuity.57 The three vision tests investigated here are
visual acuity, lobe size, and contrast sensitivity.

1. Visual acuity. This is the ability to discriminate fine detail that is then expressed as a ratio,
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such as 20/20, called Snellen Acuity. Normal 20/20 vision is assumed to be the ability to resolve a
target detail of 1 minute of arc at 20 feet.57 Static foveal acuity is the measure of the minimum
angle subtended by the test object at the eye that can be resolved. If a people have good acuity, one
minute of angle or less, there is a high chance that they will be a good criterion inspector.46 Visual
acuity is an important predictor but was not used in this study since all inspectors have to go through
visual acuity testing and have 20/20 or corrected vision.

2. Lobe size. The area around the point of fixation in which the probability of detecting the
presence of a target item is defined when it is viewed within the retinal field during a single eye
pause, or fixation is the lobe size. The visual lobe is affected by such factors as the adaptation level
of the eye, the target characteristics, the background experience, and motivation.39 Studies have
shown that subjects with larger visual lobes are more efficient detecting faults early in the search
process.58 While Gallwey found lobe size to be a good predictor for error classification in an
inspection task.25

3. Contrast Sensitivity. By this is meant the ability to discern spatially distinct luminance
differences tested with Sine-wave grating of various sizes or spatial frequencies measured in number
of cycles per degree (cpd). Humans are most sensitive to frequencies in the 3-5 cpd range.6 High
spatial frequencies (>10 cpd) are for fine detail and reading, low spatial frequencies (<2 cpd) for
coarser detail.1 Ginsburg found contrast sensitivity to be significant in predicting performance on
some visual tasks better than visual acuity.27

Aptitude tests, for example intelligence tests, measure overall performance over a broad range of
mental capabilities such as verbal and numerical skills.43 The Harris Inspection Test, the Weschler
Adult Intelligence Scale, Short-Term Memory, and the Gordon Test of Mental Imagery Control have
been used to measure aptitude.

1. The Harris Inspection Test. This is a pencil and paper test intended for electronic circuit
diagrams, identifies which objects on paper are not the right size, shape, or conformity. This test
was found to be significant in electronic inspection tasks, with a correlation of .55 found with
experienced inspectors of small complex electronic and mechanical assemblies.15,35

2..  The Weschler Adult Intelligence Scale (WAIS). This scale measures intelligence (1Q) in three
areas — verbal comprehension, attention concentration, and analysis -- is a measure of mental
processing speed. Significance with the attention-concentration subset -- arithmetic, digit span, digit
symbol -- was found to be a very good predictor of search errors.25

3..  Short-term memory. Used to identify a person’s ability to retain information temporarily, from
30 seconds to a few minutes, short-term memory was found to be a weak predictor of inspection
performance.25

4. The Gordon Test of Mental Imagery Control. This tests for photographic memory. Gallwey
found the Gordon Test of Mental Imagery Control was good at predicting the probability of success
— wherein a high score of mental imagery indicates a high probability of success.25

Cognitive tests measure the mental processes, skills, strategies, and use of information, the basic
mechanisms involving attention, thoughts, and decision making by which people perceive, think, and
remember.68 Six cognitive tests -- the Embedded Figures test (EFT), the Eysenck Personality
Inventory, the Guilford-Zimmerman Temperament Survey, the Minnesota-Multiphasic Personality
Inventory (MMPI), the Matching Familiar Figures test (MFFT), and the Locus of Control -- have
been used in inspection performance studies with varying degrees of significance.

1. The Embedded Figures Test (EFT). The ability to separate an individual figure from a more
complex stimulus of which it forms a part, determines the field independent-dependent score.46
Field dependency is defined as “a tendency for the organization of the field as a whole to dominate
perception of its parts” and field independence is “a tendency for items to remain discrete from the
organized field in which they are contained”.70 Gallwey found that EFT was a good predictor of
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many measures including stopping time, missing rate, size errors, decision errors, and classification
errors.25 He concluded that field independents are much more likely to impose structure on a
problem in reaching their solution.

2. The Eysenck Personality Inventory. This test classifies people as introverts and extroverts
using five categories — neuroticism, extroversion, openness, agreeableness, and conscientiousness --
while the Guilford-Zimmerman Temperament Survey measures general activity, restraint,
ascendance, sociability, and emotional stability.68 There are mixed findings using the Eysenck
Personality Inventory Test to study inspection tasks.25 While conscientiousness was found to be
effective in predicting performance in skilled and semi-skilled workers, found a low correlation with
inspection performance and the Guilford-Zimmerman Temperament Survey.68,69

3. The Minnesota Multiphasic Personality Inventory (MMPI). Used to measure manifest anxiety,
the degree of guardedness in responding, and falsification in responding.69 There is low correlation
between inspection performance and the MMPI1.69 Used to identify people with mental illness or
personality disorders, it is not an appropriate test for employee selection.68

4. The Matching Familiar Figures Test (MFFT). Seeks to classify subjects according to time to
first response and accuracy. Depending upon the time taken and the number of errors made, subjects
are classified as (1) reflectives (longer times, fewer errors), (2) impulsives (shorter times, more
errors), (3) fast-accurates (shorter times, fewer errors), (4) slow-inaccurates (longer times, more
errors). Impulsives work faster, and reflectives are more accurate. Using MEET, Schwabish and
Drury classified individuals in terms of time and accuracy to evaluate the influence of different
cognitive styles on visual inspection.59 Their data showed that subjects could be differentiated only
on accuracy. The more accurate group was significantly faster than the inaccurates in detecting
certain flaws in addition to making fewer size-judgement errors. However, the inaccurates detected
more flaws.

5. The Locus of Control (LOC). This construct by Rotter has appeared widely in the literature and
has generated much research in the work setting.55 LOC is used to characterize people as internal
scorers and external scorers. It is suggested that internal scorers adapt better to high controlling
situations while external scorers adapt better to highly externally controlling situations.24 Eskew
and Riche, found LOC may be related to response-wise signal detection tasks and may be useful in
selecting quality control inspectors.19 The significant findings for LOC tests conclude that self-
paced internals had higher response criterion than self-paced externals, thus making fewer false
alarms while machine-paced internals had a lower criterion and made more false alarms than
machine-paced externals.19 Internals tend to make fewer errors on a vigilance task than externals,
with internal scorers performing significantly better than externals on correct decisions and the
number of misses with self-pacing.24,57

Three other cognitive tests that have not been used in inspection performance are human vigilance,
certainty equivalence, and Myers-Briggs Type Indicator (MBT]I).

1.  Human vigilance. This is a situation where an operator is required to detect intermittent,
unpredictable, and infrequent signals over a long period of time. The resulting loss in sensitivity due
to fatigue is classified by the arousal theory and expectancy theory.5

2. Certainty equivalence. Also known as a risk test, measures the amount of risk people will take
when making decisions. In many cases, people accept wide variations in consequences and much
uncertainty. A preference scale is used to encode an individual’s attitude toward risk, resulting in a
preference curve that can be categorized as risk averse, risk neutral, and risk seeking. Risk behavior
is known to effect inspection performance and accordingly it was selected for this study.54,68

3. The Myers-Briggs Type Indicator (MBTI). This is used to obtain a personality type code based
on the individual’s preferred way of perceiving and judging, providing four bi-polar scales:
extroversion-introversion, sensing-intuition, thinking-feeling, and judging-perceiving. Currently,
this test has been used in such settings as counseling, education, and career guidance.49 The MBTI
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test is often used in the aircraft maintenance environment for other jobs to classify and select people

and hence is used in this study.

1.8.2 Appendix B- ANOVA of Inspection Time

DF SS F
BETWEEN SUBJECTS
Training 1 0.98 0.01
Subj(training) 16 5314.75
WITHIN SUBJECTS
Pacing 1 1906.20  20.56*
Training*pacing 1 10.87 0.12
Pacing*subj(training) 16 1483.27
* p<0.05

1.8.3 Appendix C- ANOVA of Percentage of Defects Detected

DF SS F
BETWEEN SUBJECTS
Training 1 2934.03 11.61*
Subj(training) 16 4044.44
WITHIN SUBJECTS
Pacing 1 1056.25 16.10*
Training*pacing 1 156.25 2.38
Pacing*subj(training) 16 1050.00

* p<0.05

1.8.4 Appendix D- ANOVA of Number of False Alarms

DF SS F
BETWEEN SUBJECTS
Training 1 2100.69 9.41*
Subj(training) 16 3570.56
WITHIN SUBJECTS
Pacing 1 584.03 5.95*
Training*pacing 1 140.03 1.43
Pacing*subj(training) 16 1569.44

* p<0.05

1.8.5 Appendix E- ANOVA of Nonroutine Workcard Scores
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BETWEEN SUBJECTS
Training

Subj(training)

WITHIN SUBJECTS
Pacing

Training*pacing
Pacing*subj(training)

* p<0.05

DF

16

16

SS

101.67
160.86

29.34
9.51
43.53

10.11*

10.78*
3.49
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1.8.6 Appendix F- Means and Standard Deviations for Performance Measures

Group ID Inspection time (min)

Unpaced
1 35.50

Paced
30.70

Percentage
correctly detected routine work cards

Total score on non- Number of false

alarms

Unpaced Paced Unpaced Paced Unpaced Paced
60.00 70.00
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