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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 FAA website. Thisreport 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 devel opment 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. Thisisfollowed 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 atogether, continuing emphasis must be placed on devel oping interventions to make inspection and maintenance more reliable and/or more error
tolerant. Inspection is affected by avariety of entities. These entities include large international carriers, regional and commuter airlines, repair and maintenance
facilities, aswell 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 viathe FAA. Investigators conducting this study found that, while
adherence to inspection procedures and protocolsis relatively easy to monitor, tracking the efficacy of these proceduresis not.
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1.3.1 The Aircraft Maintenance Process

The maintenance process begins when a team that includes representatives from the FAA, aircraft manufacturers, and start-up operators schedule the maintenance
for aparticular aircraft. Thisinitial processis called the Maintenance Review Board (MRB). These schedules may be, and often are, later modified by individual

carriersto suit their own scheduling requirements. These maintenance schedules are comprised of avariety 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 adefect 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 anewer 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 maintenanceis visual in nature and is conducted by inspectors, thus inspector reliability is fundamental to an effective
inspection. Asin 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 asafe, 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, aternativesto OJT are sought. Furthermore, training for improving visual inspection skills of aircraft inspectorsis 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 experienced.20,21 Visual inspection skills can be taught

effectively using representative photographic images showing awide range of conditions with immediate feedback on the trainee’ s decision.20 Using realistic
photographic images as atraining aid in controlled practice with feedback has aso been shown to be superior to only OJT .22
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Thus, off-line training/retraining with feedback has arole 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 severa
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 avariety 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 (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-mediatraining and intelligent tutoring systems are already being used today, thus ushering in arevolution 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 avisual inspection task. Similar simulations have also been used by other researchers to study inspection
performance in alaboratory 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, isthat 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 alaboratory 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

mai ntenance 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 aready 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 (Figure
1.1). A brief description of the system follows.
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1.4 DEVELOPMENT OF THE ASSIST PROGRAM - YEAR 1 \

The development of the ASSIST program followed the classic training program development methodology (Figure 1.2). It began with athorough analysis of the
reguirements 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 hasidentified 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. Pretraining: 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 ageneral level istaught
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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| Figure1.2 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 appliesto
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” isreached. 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
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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 atask consists of
four elements E1, E2, E3 and E4, then the following would follow:

» Train EL, E2, E3 and E4 separately to criterion
e Train E1 and E2; E3 and E4 to criterion
e Train E1, E2 and E3 to criterion and E2, E3 and E4 to criterion

e Trainthe 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. SchemaTraining: The trainee must be able to generalize the training to new experiences and situations. For example, it isimpossible 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 schemais 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 anovice inspector tries to find defectsin 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 trandated into improved performance.

1.4.1 Task
Analysis

The development of the ASSIST Program followed the classic training program development methodology. It began with athorough 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, adetailed task analysis of the job was conducted to determine the knowledge, skills, and abilities necessary for the job in order to specify the behaviora
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 atraining 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 criteriato 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.
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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 (FMEA) 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 maintenance personnel,
collected over aperiod 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 aso 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 aswrong fault type. All indications located are correctly
classified, correctly labeled as fault or no

) fault, and actions correctly planned for each
4.2 Accesscomparison standard. Choose wrong comparison standards. indication.

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

Does not use comparison standard.

4.3  Decideonif fault. Type| error, false darm.
Type Il error, missed fault.

4.4  Decide on action. Choose wrong 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.

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

1.4.2 Structure of ASSIST
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The overall structure of the ASSIST program is divided into three modules. General Module, Simulation, and Instructor’s Module (Figure 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 isidentified from the error taxonomy (Table
12).

Figure 1.3 Componentsof the ASSIST Aircraft Inspector Training Program

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

ASSIST TRAINING PROGRAM
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TASK CONTENT OF METHOD PROGRAM ERROR ADDRESSED FROM
ASSIST MODULE TASK ANALYSIS
DECISION
4.1 Interpret Present examples of | Active and General » Classify as wrong fault
indication defects and identify | Feedback Module, type
in simulator Simulator
4.2 Access Use simulator to Active and General » Choose wrong
comparison access information Feedback Module, comparison standards
standard on defects, Simulator i
locations, and action . _Comparlson standard not
available
e Comparison standard not
correct
e Comparison incomplete
*  Does not use comparison
standard
4.3 Decideonif | Usesimulator withreal | Progressive Simulator * Typel error, falseaarm
it'safault defects and feedback parts, Active, .
and Feedback *  Typell error, missed fault
4.4 Decide on Complete NR card with | Active and Simulator »  Choose wrong action
action Feedback in correct way | Feedback
to fill out card
4.5 Remember Enter multiple defects Activeand Simulator » Forget decision/action
decision/ action | and complete NR card Feedback ) . _
with feedback » Fall 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 technol ogies and human factors research on
information presentation (e.g., color, formatting, layout, etc.), ease of use, and information utilization.

System Specification
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The ASSIST program needs at least a Pentium 100, with a 166 Pentium or faster suggested. A minimum hard drive space of 220 MB isrequired 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 (Figure 1.4). If thisisthe 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’ srole 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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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 partsin the center (Figure 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 (FAR), the scope of the inspector’ s work, the and inspection tools--flashlight, magnifying glass, scraping knife,

and mirror (Figure 1.6).
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45 ASSIST Role of Inspector 4/6

Inspection Tools

Common Inspection Tools:

Flashlight

standard Inspection Mirror

Iagrfiing Glass (102

Steel Seale

> e | GSIST

Role of Inspector
Module

a1

............

Exit | Map

| Figure 1.6 Roleof Inspector Sub-module Covering I nspection Tools |

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. Topicsinclude hearing safety, accessing the aircraft, and foreign object damage (Figure 1.7).
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| Figure 1.7 Introduction to the Safety Sub-module |

Aircraft Review

The inspector goes through areview 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 areview of the major commercia aircraft from Airbus, Boeing, Lockheed-Martin, and
McDonnell Douglas (Figure 1.8).
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| Figure 1.8 Aircraft Review Sub-module Covering Boeing Aircraft |

Map

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 I nspection 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 (Figure 1.10).
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| Figure 1.10 The Sample Walkthrough Section of I nspection Procedure |

Final Test

After completing al sub-modules, the inspector takes the Final Test at the end of the General Module (Figure 1.11). Thistest contains 20 multiple choice
guestions covering all the topicsin the General Module. The results are stored in a database, which can be accessed by the instructor for later analysis.
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& 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 (Figure 1.12).
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el ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Craclcs

Locations:

near rivets, joints, any area of
stress

Indicators:

chipped paint, near holes, highly
stressed points

Brevious
[efect | MHext 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 asit 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. Thetraineeis 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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Figure 1.13 Using the Flashlight in the ASSIST I nspection
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 atrainee who has taken several training and/or testing sessions (Figure
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 afile, 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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& Inztructor's Module

| Figure 1.14 Main Menu of theInstructor’sModule |

In addition, this module has a simulation setup utility, allowing instructor to create different inspection scenarios by manipulating the inspection parameters
(Figure 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 (Figure 1.16) or non feedback
mode and the pacing of the inspection.
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| 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: Initialy, 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.  Genera Module Training: In the general modul e 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 awork 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 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. amirror, flashlight, scraping knife, and magnifying glass to assist the subject in
performing the inspection (Figure 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: [tem:

Bl Looze Hardware, Station 1665, Stringer 28

Authorized by:

w Comectiorn:

Inzpechar;

Serial Mo, OFf:

S erial Mo, O D ate: Job Murmber: Card Mumber:

e B o | concel |

| Figure 1.17 Non-routine Card Used to Record an | dentified Defect |

1.4.3 Conclusions
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This section described research in the area of aviation maintenance and inspection pursued at Clemson University. Through the devel opment 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 inan
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 eval uation was conducted to determine the effectiveness of its use as part of Y ear 2 activities. The objectives of this evaluation were two-
fold:

1. Toevaluate the effectiveness of using computer-based aircraft inspection training, specifically the ASSIST system, in improving inspection performance, and
2. Toconduct adetailed usability evaluation of the ASSIST software.

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
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The experiment was conducted using Hewlett Packard personal computers with a Windows NT Workstation 4.0 operating system and an Intel Pentium ||
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 atwo-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 Knowledge Test
Consent Demographic Section I: Sectionll:  Simulation  Simulationtest  Training Training  Simulator Test Section|:  Section|l:  Hangar floor
form survey Short Multiple trial & demo general simulator Short Multiple test
Q&A choice test Q& A  choicetest
Unpaced Paced Unpaced Paced
Description 7 questions on Short 30 questions  Parameter ~ Parameter set: The Parameter ~ Parameter set: Short 30 Demonstration
of Protocol topics such as answer total (taken set: -No 1t test- ASSIST Set: 1t test- answer guestions test
Stage age, questions from the feedback General 32 creen questions  total (taken
experience, on ASSIST -Unpaced  Module (All SCEnaio- -Unpaced on from the
certification, software) -Nofeedback  fivesub- -No feedback ASSIST
Genera General
andtraining oo _ (Small modules)  -Unpaced aircraft | Software)
i ' introduction -Feedback . :
inspection to the ond test- ond test- inspection
sofAthSarlin d -paced using -Paced using
the mean of 1st test mean of 1st test
simulated  -No feedback -No feedback
inspection
environment)
9 subjects X X X X X X X X X X X X
Trained
9 subjects X X X X X X N/A N/A X X X 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 |1 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.


http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=namedpopup&iid=607cc687.1bc10c5d.0.0&nid=1fa6
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=8648#JD_PH11ANANDGFigure118
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=864a#JD_PH11ANANDGFigure119
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=864c#JD_PH11ANANDGFigure120
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=864e#JD_PH11ANANDGFigure122

INFORIWVIED COWSENT S TATERMENT FOR AUTCKATED SELF-PACED 5¥5TER FOR.
IHSTRUCTIONAL SUPPORT AWMD TRAINING (45515 T)

[NFORWVIATICH

You have been imdted to participate in a research study entitled The ASSIST Ewalustion Study I you agree to
participate, you will be one of eighteen subjects at your facility who will be participating in the study.  Vour
participation will be on an indrdadual basis.

Prior to ary activities, wou will be asked to fill out some personal dermographic inforrnation. ALL INFORDIATICHN
WILL BE STRICTLY CONFIDENTIAL.

There are two distinct stages to this research. In the first stage, wou will perform an on-the-job test and a corapmter-
sirnlated test of aircraft inspection. Vou will then recere traiming frorn a cormguter-based rnltiraedia inspection-
training tutcrial. In the second stage, won will perfirm another on-the-job test and another compnter-sitanlated test of
aircraft inspection.

Youwill ako be asked to complete a muliple-choice test hoth hefore and after iraining. The scores on your test
will ot he revealed o anyvone other than yourself (upon request) and the investigators conducting this researc h

Thiz stady is not to measure wour indradual ability as an mspector, but rather to measure the effects of our trainng
toe thiod.

The terminology used throughow this research study i meant to he general in mature and mot specific to Dela
Ajr Lines. If you have guestions on the terminology given please see the training ad minisirators.
ESTIMATED TIWIE FOR 5TAGE 1 and TRAINING = 4 HOURS

&t the conclusion of the studsy you will be asked to fill out a gue stiornaire goAneg s your opihion of the tainine.

ESTIMATED TIME FOR STAGE 2 =3 HOURS
CONSENT

I have been given the opporfurity to ask questions sbout this studsy, answers to questions (if any) hawve been
satisfactory

The informnation in the stody records will be kept corfidential and will be made available onlyto persons conducting
the studyunless I specifically give penmission in wiiting to do otherwise. Inanyresults of this stady that are published,
I will notbe identified.

In consideration of all of the abose, [ give iy consent to participate in this research studsy, T understand that I may drop
ot of thiz study at atyr point i1 so choose.

[ ackrowdedze receipt of a copy of this infornmed consent staterne nt.
SIGHATURE OF SUBJECT
DATE

SIGHATURE OF WITHESS

SIGHNATURE OF INVESTIGATCE.




Figure 1.18 Consent Form

Mame
1. Sex Iiale Female
2. Luge =20 21-30 31-40 41-50 S0+

1. How long hawve you been at aircraft inspector?
<1 . 1-10 wra 10 wrs +
2. Howlong have you been in the aireraft maintenance industey?

=1 wx. 1-10 yrs. 10 szs +

3. What shift are you currertly working?
1= ard =
4. Which of the following certificateslicenses do wou have? (3 elect more than one if appropriate)
Zirframe cettificate Fower Plant certificate
Fepairman certificate FCC license

Inspection authorization cettificate

5. Where did you receive the mgority of yow techiical training?
Mlilitaty Techical Bchoals C ottpaty trainits
B, ¥our primaryiob function as an inspector i

HRV Letter check

Figure 1.19 Demographic Survey




Enowledge Test Section I Short Q & A

NCoring:

Correct Answer —all information and terminelogy given is corvect and complete [score = 5]
Partially Correct Answer — information is incomplete or partially wrong [score = 3]
Wrong Answer — information given is wrong [score= 1]

1.

2.

10.

11,

12,

13.

14.

‘What are two types of inspection?

What ate two types of gquality audits? Describe them?

‘What 15 parts control ¥

“With regard to noise, what 15 masking?

‘What three things can affect the light avalable for wisual 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?
MName two types of search strategies and define them. "Which 12 better?
“What are seven cntical task factors that influence inspection performance?

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

What are five commmon errors in written communication?
“Why 1z feedback tmportant”? "What are the two forms of feedback?

What ate two things you could doif you goto the atea you are to dnspect and you cat’t see wery well do to

poot lghtins?

Wy is it sometimes necessary to perform bus-back inspection?




Figure1.20 Knowledge Test Section I: Short Q & A |

ASSIST EVALUATION: MULTIPLE CHOICE TEST (30 QUESTIONS): BEFORE TRAINING

Question 1:

Srmrer A
Answer B

Ararer O
Armarer T

Question 2:

A er A
Anawer B
Anarer O
Anarer I

Question 3:

Answer &
Anmwer B
Anarer O
Anmrer T

Question 4:

Answer A
Anmwer B
Anmrer O
Answer I

Question 5:

Anarer &
Anawer B
Anarer O
A er T

Laintenanice ofn an item hasheen completed the atea has been closed and maintenance has sighed off oni
&g abuy-bark inspector wou showdd:

sigre of f of the inspection.

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

agk atcther buy-back inspector in the field to s g off on it

211 of the abowe

The comimon inspection tools include all of the following except:

flashli ght.

gteel scale,
magtifing glass.
aot ewrdrivver,

When petforming an O to close inspection, always remethber to:

Take one last look for defects.
Sign the work card

Liake sure all tools have been picked .
211 of the abowe,

Wi ch of the following tasks telate to the scope of the inspector™s job:

Providing explanation if the mechanic performs an incorrect installation or repair.
Inspecting the aitcraft and not performing the mecharde' s work.

Atwetitig atry questions about the N ot Foutine card

Al11 of the abowe.

Y ot actions while inspecting an aireraft can affect which of the foll owring:

W oy

Yot fellowr employees

The aitwrorthiness of the aircraft
All of the ahowe




Question 6: When attempting to inspect inside a pootdy lighted bag bin:
Angwer & Dot be concerned there is probably enough lght to see youe way,
Angwet B Eleep all the doors open so light from the hangar can enter
Angwer O Bring more fixed i ghting equipm ent inside the bag bin.
Angwer D Tust use yow flashlight to see.
Figure 1.21 Knowledge Test Section II: Multiple Choice Test (Continued)
Question 7: B eing wery familiar with em ergency equiptnent in ywour area will:
Anigaet & kelp you gquickly resolve ah emergency situation
Answer B let you escape a dangerous area.
Angwer O provide a safe place duting emergencies.
Angwer D: Al of the above
Question 8: Witat 15 the biggest danger of foreigh object datnage (FOLINY
Anigwet & Dratizet to the hatizat,
Angwer B Loss of a tool.
Anarer O Drath age to the aitcraft
Angarer T None of the abaowe.
Quesiion 9: Which is a long-range 4 engine airoraft?
Argwer A 37
Atigaer B 747
Angaer O T5T T
Atigaer D T
Question 10: Which aircraft would be least ikelyto have alarge mumber of defects hased on yeats in service?
AFwer A LD -20
Anawer B: L-1011
Angwer C: 747
Angwer D: A300
Question 11: 15 the abilityto see detail at warious distances frotm the object of tegard.
Angwer A Colar wision
Answer B Vigual acuity
Anaaetr O P etritnhet al s sion




kbl 1T wh At LN ) '-I.L-H\.I.Ir-','
Angrer O Fetipheral wision
Angwer D C onspd cuity

Question 12: Factos ) that make up an inspector” s phpsical etvarorunent 15 (ate):

Anigwet & Aumoutt of lighting

Answer B Wotk design

Angrer O Ambient temmperature and o idity lewel
Angwer D Both & and C

Question 13: Expetience can be categorized based on:
Angwer & Humber of years of work

Anorer B YV atiety of work conducted

Angaer C Both & and B

Atigaer D Waone of the abowe

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

Question 14: Giver a fived tithe period, stratesiesto maintain acew acy when time islimited ate:
Anigaet & Addmote inspectot s

Answer B Iticotrporate a systematic seatch strategy

Angwer O Both & and B

Angwer D Hone of the abowe

Question 15: [t order for an inspector to propetly perform an inspection, the inspector:

Angwer & Liust hawve the cotrect equiptment and tools available.

Angwet B Dlust hawe accessto the requited documertation and maraals,

Answer Llust be trained on the proper wse of the equipmernt and tools.

Anegrer D All of the ahove

Question 16: Frocess factorsrefer to:

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

Anawer B Oitganizati ohal recquitements by an inspector's emplogrer.

Angwet C Factors regarditg the cotrud cation of infors st on

Engwer D Factors that m ake up an inspector's physical envirotanent.




Quesiion 17: Whete iz the Aircraft [ oghock kept?
Atmwer A At the service facility that would vse it the most
Anmwer B Fach service facility has a copy
Anmwer O With the aircraft both in-flight and during service
Aqmwer D At FA L Headguartets
Quesiion 18: Whete does an inspector go to pick up the wotk cards for an inspection assi grm ent?
Anmwer A The wotk dock or the inspection supetsisot
Anmwer B They ate alteady on the aircraft
Atmwer T The gualitsy assuratice departsend
Answer D F&4 Headyuarters
Quesiion 19: Wi ch type of inspection would be best suited for viewing the inside of an engine during an engine check?
SnEwet A V izual
Anmwer B Eorescope
Atwer T A-Ray
Aqmwer D Coity T ap
Figure 1.21 Knowledge Test Section II: Multiple Choice Test (Continued)
Quesiion 20: 2 checkto see whether a unit or system petform s within specified limits is called what?
Anmwer A Finial Inspection
Anawer B Functional Check
Anevrer T Mlissed [tem
Answer D Eequired Inspecticn [Ham (BRI
Question 21: Iy addition to beitig Familiar with all inspection methods, teckd ques, and ecuigm e in their
specialty, aitcraft inspectors must:
Answer A maintain proficiency in using vanous inspection aids intended for that purpose.

Answer B have avallable and understand current specifications involving inspection tolerances,

limitations, and procedures established by the manufacturer of the product being
inspected and with other information such as FAR s

Answer C:in cases where mechanical inspection dewices are to be used, be skilled in operating




Enswer O in cases where mechanical inspection devices are to be used, be skilled in operating

that equipment and be able to properly interpret indications.
Angwer D 211 of the abowre,

Question 22: Byr-hack inspection steps include all of the following ex cept:

Anigarer A Signitg off on a workcard if satisfied,
Angwer B: Helping the mechatic complete his or her work.
Anzwer C & mechanic requesting an inspection.

Answer D Inspecting the work done by the mechanic,

Question 23: When in doubt abowt a procedure for safety reasons, you should:

Atigwet & Uze wout owrt judgesm ent.

Anigwer B Consult the compaty safety matigal,
Angrer C Consult Adewrorthiness Directives.
Anzwer D Conzult other inspectors in the area

Question 24: For effective heating protection, you should:

Anigurer A Enow the blast and suction zones around a particuar aircraft.
Anigurer B Weat earplugs of "eatmuffs"

Atigarer O Witk frequently near the use of a pheumatic rivet gun

At er I A1 of the above

Question 25: Which Adrhus aireraft iz anwdtra-long range 4 engine model?

At er A A300
Anarer B A320
Angwer O A330
Anawrer [ A340

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




Question 26:

Anmwer &
Anarer B,
Anarrer O
Anarer D

Question 27:

Anarer &
anasrerB.
Anarer O

Writbenn comunund cation in the aircraft inspection industry moay com e inthe form of!

Workeards, non-routine cards, and bulletins.

Dlatufactiyrer” s thoatmals, OSHA guidelines, and adwsory circulars,
FaR™s, AD7s, and compary proceduares.

&1 of the ahove

thay lead to lowering of quality and perform atice, loss of time and m oney, and frostration.

Wotk design
Ithpt opet cothita cation
Teamurork

Angwer D Lighting

Question 28:

Anarer &
Anawer B,
Anmrer O
Anawrer D

Question 29:

Anmrer &
Anawrer B
Angrrer
Anarer D

Question 30:
ot1 ah aircraft?

Anawrer A
Anawrer B
Anmrer O
Anawer D

Eecanse of the depth of knowledge and skill s requited for aviation inspection atd mairtenatce
tagks, aheavy emphasis must be placed upon .

JTob design
Wiork design
Watrkplace design

Training

Which of the following is HOT considered to be a type of M ot Destructive Inspection (WDT)?

Eddy Cutrent
Disre-FPetietr ard,
Vimal Inspection
Coinn Tag

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

B gnificant Stractural [tem (B350
Federal Aation Reguiations (FAR)
Inspection wotk dock

Discrepancy Repott




Figure 1.21 Knowledge Test Section |1: Multiple Choice Test

ASSIST EVALUATION: MULTIPLE CHOICE TEST (30 QUESTIGONS): AFTER TRAINING

Question 1:

Atmrer A
Lngwer B

Atarer O
Anarrer D

Question 2:

Anarer A
Anmwer B
Angrrer
Anawrer D

Question 3:

Anawrer A
Anarer B
Angwer C:
Anarer D

Question 4:

Answer A
Anawrer B
Anmrer O
Anawer D

Question 5:

Mantenatice on an item has been completed, the atea hasbeen closed, and maintenance has
sighied off onit. Asabueback inspector you showl d:

sign-off on the inspection.

ask the mechanic to open up the area and inspect 1t and then sign off on it (based
oty inspe ot o)

ask another bug-back inspector i the field to sign-off on it

&1 of the ahove

The comim ot inspection tools include all of the followring ex cept:

flaghlight.
steel scale.

magnifing glass.
sorewr drivet.

When performing an OF to close inspection, always temember to:

Take one last look for defects.

Sign the worlk card.

Iflake swre all tools hawe beety picked up.
&11 of the ahove.

Wohich of the followitis tasksrelate to the scope of the inspectar” s{oh:

Providing explanation if the mechanic performs an incorrect installation or repair.
Inspecting the aircraft and not petforming the mechanie's work.

Anmwering atry questions abmat the Non-Fowutine cand,

211 of the dhove.

Your acticns while inspecting an aircraft can affect which of the following:
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Angurer B: ¥ out fellow employees
Angarer C The aitworthiness of the aireraft
Angwer D 211 of the ahowve
Question G: Whet attemnptitiz to inspect inside a pootly lighted bag bin:
Angwrer A Do not be concerned, there is probably encowgh light to see youwr way
Angurer B Keep all the doors open so light from the hangsy can enter.
Angurer C Bring m are fixed lighting equipim et insi de the bag bin
Angrrer D Just use your flashlight to see.
Figure 1.22 Knowledge Test Section I1: Multiple Choice Test (Continued)

Question 7: Eeityz wery fam dliar with emergency equiptnert it o area will:
Angarer A help sou gquickly resolve an ethergency sitnation.

Angurer B let wou escape a dangerons area

Angurer C provide a safe place during emergeneies.

Angarer 1 A11 of the ahove

Question §: Wihat is the biggest danger of foreign object damage (FOD7?
Angurer A Danger to the hangar

Ansaer B: Lozsz of atool.

Atigaret Datnage to the aitcraft.

Angarer 1 Mone of the above.

Question 9: Whichis alofg-range 4 engine aircraft?

ARFa et A 737

Ansurer B: 74T

Angarer C TATTET

Angarer 1 Ty

Question 10: Which aircraft would be least likely to have alarge mumber of defects based on years in service?
Angarer A D20

Ansurer B: L-1011

Angarer C 74T

Angarer I &300




Angarer I &300
Question 11: iz the ability to see detal at various distance s from the object of regard.
AfFarer A Colot vison
Answrer B Wisnal acuity
Angrer C. Peripheral wision
Angarer Conispicuity
Question 12: Factor(s) that make up at inspector’s physical ercrit oran ent 15 (are):
Angwrer A 2am ount of 1ighting,
Answer B Work design
Angrer C. A bient temn peratire atd bnmi dity 1ewel.
Angaer I Both & and C
Question 13: Expetience can be categotized based ot
Anigwet A Mumber of years of wotk
Anigwet B Wariety of wotk conducted
Ansrer C. Eoth & and B
Angarer I Mote of the above
Figure 1.22 Knowledge Test Section I1: Multiple Choice Test (Continued)
Question 14: Criwven afixed im e period, strategesto mantain aceuracy whenitime iz limited are:
Angwer & Add more inspectors
Angwer B Inecorporate a systetmatic seatch strate gy
Angarer O Both & and B
Angarer I Mote of the above
Question 15: Ity order for aninspector to propetly petform an inspection, the inspector:
Angwrer A Must have the correct equipiment atd tools available,
Answer B Iflust have access to the requited docum entati on atd m atozal s,
Angrer C. Must be traned onthe proper use of the equipm ent and tools.
Angarer I &1 of the above

Question 16:

Process factors refer to:




Question 16: Process factors refer to:

Answer A Elements of the inspection process that may either help or hinder an inspector from
doing hisfther job.

Ansgwer B O ganizati onal regquiremm erts by an inspectot's employer.

Angrer C. Factors regarding the com mund cation of information.

Angwrer D Factors that make up an inspector's physical environm ent.

Question 17: Whete is the Adreraft Loghook kept?

Angwer & At the service facility that would use it the most

Atigwret B FEach service facility has a copy

Angwrer O With the aircraft both in-flight and dwing service

Anigwer D At FAS Headguatters

Question 18: Whete does ainspector goto pick up the wotk cards for an inspection assi ghm ent?

Anigwet A The wotk dock ot the inspection sugetvisor

Ansurer B: They ate already on the aircraft

Atigaret O The guality asswatice depattment

Angarer 1 F& s Headuarter s

Question 19: Whichtype of inspectonwould be best suited for Wewing the inside of an engine duritg an
efigitie check?

Angarer A Wisual

Angwer B: Earescope

Atigaret O X-tay

Angarer 1 Coin Tap

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




Question 20:

Anawrer &
Anawer B
Arawrer O
Anmrer D

Question 21:

Angrrer &
Answer B

Anmarer C:
Ansarer I

Question 22:

Answrer &
Answer B
Anamrer O
Anawrer I

Question 23:

Anawrer &
Answer B:
Arawrer O
Anmrer D

Question 24:

An@arer &
Anarer B:
Anarer O
Anmrer

Question 25:

Anmarer &
AnmrerB.
Ansarer C.

o mmwr = T 1

& check to see whether a urit or system petforms within specified litmits is called what?

Final [fispection

Functional Check

Nlizsed [tem

Reguired Inspection Item (RIT)

Initial inspection

iz petformed in or det to find any datnage after notmal use of the aircraft.
includes receipt of a work card, locating the designated area on the arcraft,
searching for defects, showing the defects to mechanics.

Both & and B.
Mone of the abowve

Daring at eryzine naty you should be most concerned abod:

Personnel and equipment near the aircr aft.
Taxiing the aircraft to the test area.
Funning the engines at test speeds.

Mote of the above

Whet attetnptitis to access an arcraft forinspection, remember to:

Mot worty abowut howe old or wnstable aladder looks, just use it.
Finud a stable platform to climb and erter the aircraft.

Ditive the mobile lifts as close as possible to the airoraft.

Mone of these.

Which aireraft are tri-jets?

L-1011
MD-11
Ty
&andB

The two types of lighting are:

Stroboscopic and black.
Black and white,
Direct and indirect.

T e md mam =] b= L = oy =




ansyer L., Lhrect and incirect.
Anigwer D Ditect and stroboscopic,
Figure 1.22 Knowledge Test Section |l : Multiple Choice Test (Continued)

Question 26: Which statement(s) 150 are) true aboat masking,

Atigwet & Mlaskitg can tesudt in heating loss,

Answer B Masking 15 a condition 1n which one component of the scund enwironment
reduces sensitivity of the ear to another component.

Answer C. An example of masking 15 the sound of a nvet gun going off which drowns the
sound of the back up alarm on a truck or cherry picker.

Angwer D EathB and C

Question 27:  Teamsin the aitcraft inspection and maintenance envirotm ent:

Anigwet A Shate cothin oty goals.

Ansgwer B, Feguire cooperation and commnd cation

Angaer . Havve more pride in their work.

Angarer I &1 of the ahove

Question 28: O average, how often does a plane cotme in for alayowver check?

Angarer A Ewvety d yeats

Ansurer B: Ewery 12-13 months

Angarer C Ewety 3 months

Anigwer D Ewetry 3-5 days

Question 29: With wariation by fleet, on average, how ofter does a plane come in for a service check?

Angurer A Ewvery d years

Angarer B: Aboat 12-13 months

Angurer C Ahout every m onth

Angarer 1 Ewery night

Question 30: What domument isused to record defects found dring inspection in the hangat?

AfiFarer A & wotk catd

Angwrer B & discrepancy repott (non-routine card)

Angarer C & significant structural item (S3T)

Atimrer [ The arcraft loghook
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Angwer D The aircraft loghook

| Figure 1.22 Knowledge Test Section |1: 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 (Figure 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 (Figure
1.24).

A5SE5T Factors flfecheg Inspecton

ASSIST

Factors Affecting
Inspection
Module

o el 4] | D]

Figure 1.23 Screen Shot from Factors Affecting I nspection in
ASSIST
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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 (Figures 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 awork card -- work instructions
identifying the inspection task to be completed (Figure 1.32). Following this step the subjects were presented with a series of photographic images that constituted
aportion 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—amirror, 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, false darms (areas incorrectly identified as having defects), the
time to complete inspection and the correctly completed non-routine card (Figure 1.35).



http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=8656#JD_PH11ANANDGFigure125
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=8658#JD_PH11ANANDGFigure131
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=865a#JD_PH11ANANDGFigure132
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=865c#JD_PH11ANANDGFigure133
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=865e#JD_PH11ANANDGFigure134
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=8660#JD_PH11ANANDGFigure135

b ASSIST Simulator - Introduction 343

Potential Defects

Defect Name:
Cracls

Locations:

near rivets, jomts, any area of
stress

Indicators:

chipped paint, near holes, highly
stressed pomnts

Frexvious
[Defect | Mext Defect |

| Figure 1.25 The Crack Defect Simulated in ASSIST |
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Potential Defects

Defect Name:

Corrasion

Locations:

near floor, joints, anywhere
modsture collects

Indicators:

fine grev powder,
bubbling/bulging, paint chipping,

dartl: strealts around nivets

a [{n}

Previous 2-}'{7 i l:il:ll'ltirll..l-E!
Defect | E.NEHIDEFECF.E |_ |_ m |_

| Figure 1.26 The Corrosion Defect Simulated in ASSI ST |
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Potential Defects

Defect Name:;
Damaged rivets

Locations:

any nivets in structure

Indicators:

dark hole appears where

hardware should be

Frevious
Defect

Figure 1.27 The Damaged Rivet Defect Simulated in ASSIST |
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Potential Defects

Defect Name:
Datnaged conduits

Locations:

any condut under floors or

walls

Indicators:

condut risshapen or bent

' ;I (]
Frevious continue

| Figure 1.28 The Damaged Conduit Defect Simulated in ASSI ST |
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Potential Defects

Defect Name:

Delarmnated Terrastrap

Locations:

atry terrastrap

Indicators:

metal terrastrap appears to pull
away from arcraft body

Frevious
Defect

Figure 1.29 The Delaminated Terrastrap Defect Simulated in ASSIST
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Potential Defects

Defect Name:
Dent

Locations:
atry metallic surface

Indicators:

datlr scratch or dent

Defect | i Mext Defect :

Figure 1.30 The Dent Defect Simulated in ASSIST |
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Potential Defects

Defect Name:

Looszse Hardware

Locations:

brackets, screws, and any other
hardware

Indicators:

space between hardware and
surface

Dafec:t hext Defect | . |— |— |— |—

C unrn.u.-

Figure 1.31 TheLoose Hardware Defect Smulated in ASSIST
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Wwiork Center: : 2 Card Mumber:
e | TigerAir Task Card | =355

5/3/00 Aircraft: L1011 Rev B 03-15-38

Title: Under Floor &kt Cargo Bin Work Area; Aft Cargo Bin - C3

Mes | Insp |1, Do 154, oo o S oieiler) el Work Card

inspection of aft catgo compartent,
area 03 under floot including all
cotnponetts and systems.

& Pay particular attention to the fuselage
Fail-zafe straps for any evidence of
delamitiation, cotrosior, liftitng ot
blisteritns of straps, or splitting of seal

E. Pay particular attention to any sighs of
cottosiot, such as blisteritis pait.

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

Figure1.32 Work Card Used to for the Simulation in ASSIST




l ASSIST Inspection Simulator [ x|

Toolbox
Aft + Feie Area Work Card Exit
Starb. Finizhed Complete =
Station 1725,
Stringer 35

Figure 1.33 Simulation Module Containing a Picture of the Aft-Cargo Bin
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| Figure1.34 Non-routine card used to Write-up Defects Found in the Simulator |
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| Figure 1.35 Feedback Provided in the Simulation M odule




&% Instructor's Module

Student Setup

0- 1234

“wiork Card
MHumber:

WharkCard
Area;

WworkCard
Aircraft Tope:

WwharkCard
Text:

WwiorkCard
Title:

Simulation Setup

First Mane: [ @h"

ASSIST

Lazt Mame: Sy

WorkCard Setup

1011120

Aft Cargo Bin - Und

L1011

aftchir. rif

Ihzpection of Aft Ca

Defect Setup
Frabability af an Image

with £era Defects:

(0.0-1.0]

Frobahility af Lo
Defect Image:
[0.0-7.0]

Frobahbility af tMedium
Defect Image:
[0.0-1.0

Frobahbility of High
Defect Image:
(0.0-1.09

Taszk Setup
[ Feedback

Scenanio Path and Filename ‘D:"«.Jamie's DownloadzhCLASSISTAD atabazeh St cgobin, mdb

6

1B

Initial Setup
Start3: |
Stark v |1
Random | 7
MHumber Seed:

17

Facing Time: |
[rnir.]

Main
Menu

[ Paced

Run
Setup

E xit ‘

Figure 1.36 Simulator Setup Utility Shown for Unpaced Scenario

After completing the training, subjectsin 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 (Figures 1.36
through 1.37). In the paced mode subjects had atime 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 |1 of the knowledge test. Then,
to test whether computer-based training transferred to performance on the job, all subjects completed a hangar floor test (Figure 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.
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Figure 1.37 Simulator Setup Utility Shown for Paced Scenario |




Hangar Floor Test

Ncoring:

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

1. "What ate the major steps it imtial inspection from begitmdns to end?
2. Task: Ask the inspector to follow the procedwes from titme of assigiiment b forem at.
Tagk: 3earch for defects on the door and have inspector Fill out non-routite work cards.
& Didsoufollow apattern when dsually inspecting? Describe the pattern.
o (for defectslocated) (for defectslocated) Did wou lock in certain areas for certain defects, if so why?

3. Presentsimproperly worded non-routities card and have the inspector find the errars, [SEE HON-EOTUTINE
CARD]

4. What steps do you take after wou findsh the inspection of an ares?

5. What are three steps in buy-back inspect on?

Figure 1.38 Hangar Floor Test




REV.QATE OPN.ND,

B-M5 . FPRODUCTION COUNT 10-09-93 57116

— TR D&Y EOE EEv VAR
DUMOFF TOTALE DETAILED INSPECTION OF CARGD COMPARTMENT DOORS NS T

l. Inspect FWT. Cargo Donr.
2. Inspect AFT. Cargo Dioor.

J. Inspect Bulk Cargn Door.

mﬂl PN PROE e e e P ELL BELEC
ke e e e o= [ e

11 11 11 11 1] 11 11

Y .DATE (=i 8 =}
E-767 LR DESCRIFTION 10-08-98 17118
o ! weegoTeo DETAILED IMSPECTION OF CARGO COMPARTMENT DOORS m" m‘“
| [ 1. Inspect FWD. Cargp Dioor.
£ 2. Inspect AFT. Cargo Doar,
3 3. Inspect Bulk Cargo Door.
FH Rt H— L S HYB——— [ o 1 7 S [ W = = R,
L 242-01 57116 __| 52-00-C0 12 1 741
T 1 | I T 1 I
B-TET OPN., X0, 57116 EEYWORLD: EEHE.'I'. QPN [Dx 100153541

1. Inspect FWD. Cargo Docr as foliows:
A,  Inspecl Door Stopa and visiole adjgcant cut-out siructure within aircraft contour,

(1} Pay particular altantion to Doar Sills and Frama Chonds. (Ref. MPD 5302-100-07E)
{Fed. Figura 2)

2. Inspect AFT. Camgo Door as follows:
A, Inspeci Deor Stops and vieible adjecant cut-out siructure within aircraft contour.

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




(Ref. Figure 1)
3. Inspect Bulk Cargo Door as follows:
A, Inspect Door Stopa and vielole adjecant cut-out siructure within alrcraft contour.

[1} Pay particular attertion to Boor Sills and Frame Cherd= (Ref. WPD 5302-100-07E)
IRef. Figure 3)

Figure 1.39 Hangar Floor Test: Workcard

AFT CARGO DOOR CUTOUT (MPICAL 2 PLACES)

Figure 1.40 Hangar Floor Test : Workcard

Data Collection

Data was collected on the following measures:



* Knowledge Tests (Sections | and I11): 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).

ASSIST: GENERAL INSPECTION MODULE - USABILITY QUESTIONNARIE

Content

1. The amount of informati on presented was adequate.

1 2 3 4 5 i 7
Wery Strongly HMeutral Ve sy Strongly
Dhzagree beree

2. The information presented 1s extremel v relevant to my job as an inspector.

1 2 3 4 5 ] 7
WYery Strongly Heutral Wery Strongly
Dizagree bgree

3. The subjects were well covered.

1 2 3 4 5 ] 7
WVery Strongly Heutral Wery Strongly
Dhizagree Lgres

4. The informati on pr eserted was under standable.

1 2 3 4 5 i 7
Wery Strongly HMeutral Ve sy Strongly
Dhisagree Lgres
Presentation

1. Thelanguage used by the speaker was understandable,
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1. Thelaguage used by the speaker was understandable,

1 2 3 4 5 fi 7
WVery Strongly Heutral Wery Strongly
Dhizagree bgres
2. The screens were understandable.

1 2 3 4 5 i 7
Wery Strongly Heutral WVeryitronglr
Dhisagree bgres
3. The information preserted flowed smoothly.

1 2 3 4 5 i 7
Wery Strongly Meutral Vet Strongly
Dhzagree beree

Figure 1.41 Usability Questionnaire -ASSI ST: General Module (Continued)

4 The presentation was interesting.

1

2 3 4 =) 6 7

Very Strongly
Dhizagree

] Meutral Very Strongly
bLoree

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

1 2 3 4 5 ] g
Versy Strongly Meutral WVery Strorgly
Chisagres Lgree
f.  Itwaseasy to nadgate through the m odules.

1 2 3 4 5 f 7
Yery strongly HMeutral Yery Strorgly
Chisasres bLgree

TTeamFaslan o




Usefulness

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

“Eole of Inspection” Sub-module
1 2 3 4 5 i i
Yery Strongly HMeutral Wery Strorgly
Dhisagres Lgree

“Latety” Sub-module

1 2 3 4 b i i
Yery Strongly HMeutral Wery Strorgly
Dhisagres Lgree

“AMareraft Beview” Sub-module

1 2 3 4 5 i i
Yery Strongly HMeutral Wety S tronglsy
Dhizagree bLoree

“Factors Affecting Inspection” Sub-module

1 2 3 4 5 i 7
Versy Strongly Meutral WVery Strongly
Chisacres bLgree

“Inspection Procedure™ Sub-module

1 2 3 4 5 f T
Very strongly HMeutral Yery Strorglsy
Chisasres bLgree

Figure 1.41 Usability Questionnaire -ASSIST: General Module (Continued)




1. The shert gquestions presetted during the final test were helpfd in reinforcing what you learned.

1 2 3 4 5 f 7
Very strongly HMeutral Yery Strongly
Chisasres bLgree

2. The information provided by the general module will help e in my job on the hangar floor.

1 2 3 4 5 i i
Vers Strongly Meutral Wery Strongly
Chisagres Lgree

3. The information provided shodd be patt of aty inspection taiting,

1 2 3 4 5 i i
Very Strongly Meutral Very Strongly
Dhigagree Loree

4 Inaddition to o OTT and classroom traning, all inspectors should be trained onthe generd module.

1 2 3 4 =) i} 7

Very strongly ] HMeutral Yery Strorglsy
Dhizagree bLoree

5. The information iz usefid for angrone aspiring to be an inspector.

1 2 3 4 5 f 7
Yery strongly HMeutral Yery Strorgly
Dhsacres Lgree
Format

1. The colors used on the screen did not distract from the task or cause eye dizcomfort.

1 2 3 4 5 i} 7

Yery strongly ] HMeutral Yery Strorgly
Dhsasres bgree

1. The atons on the screen were easy to under statd.

1 2 3 4 5 i i
Yery Strongly HMeutral Wery Strorgly
Dhisagres Lgree




Figure 1.41 Usability Questionnaire -ASSIST: General Module (Continued)

1. The time for the computer to process information did not frustrate pon.

1 2 3 4 5 f 7
Very strongly HMeutral Yery Strorglsy
Chisasres bLgree

2. Vouwere satisfied with the interacti on with the computer.

1 2 3 4 5 f 7
Very strongly HMeutral Yery Strorglsy
Chisacres Lgree

3. The tutorial was effective in providing instructi on

1 2 3 4 b i i
Versy Strongly Meutral WVery Strongly
Dhisaores Lgree

4 The colors used were pleasing.

1 2 3 4 5 f 7
Very strongly HMeutral Yery Strorglsy
Chisasres bLgree




Figure 1.41 Usability Questionnaire -ASSIST: General Module (Continued)

ASSIST: SIMULATION INSPECTION MODULE
Content

1. The anount of information presente d was adequate.

1 2 3 4 5 i} 7

Wery Strongly ] Heutral Wery Strongly
Disagree Lgtee

2. The subjects were thoroughly covered.

1 2 3 4 5 i i
Wery Strongly Nentral Wery Strongly
Disagres Lgree

3. The information presented was wderstandable,

1 2 3 4 5 i i
Wery Strongly Neutral Wery Strongly
Disagree Lgree
Presentation

1. Thelangnage used by the speaket was understandable.

1 2 b= a4 = F -




1 2 3 4 5 7
Wery Stongly Nentral Wery Stongly
Disagree Lgree
4. The screens were under standable.

1 2 3 4 5 7
Wery Strongly Heutral Wery Strongly
Disagree Lgtee
3. Theinformation preserted flowed smoothly.

1 2 3 4 5 g
Wery Stongly Neutral Wery Stongly
Disagres Lgree

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

1 2 3 4 =)

T

Wery Strongly Heutral
Disagree

Wery Strongly
Lgree

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

5. Ttwas easy to navigate through the screens.

1 2 3 4 5 i
Wery Strongly Meutral Wery Strongly
Disagree Lgre
Usefulness

1. The knowledge gatned from the “Introduction™ sub-module was useful.

1 2 3 4 5

g

Wery Strongly Heutral
Disagres
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Wery Strongly
Lgres




2. The inspection tools (scraping kenife, magnifving glass, mirror, and flashlight) used dunng
the “Testing” sub-module was realistic and helpful in locking for defects.

1 2 3 4 5 ] 7
Very Strongly Neutral Very Strongly
Disagree Lgre

3. Thefeedback provided at the end of each screen was usefl.

1 2 3 4 5 1] g
Wery Strongly Heutral Wery Strongly
Disagree Lgree

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

1 2 3 4 5 i 7
Very Strongly Neutral Wery Stongly
Disagree Lgree

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

1 2 3 4 5 1] g
Wery Strongly Heutral Wery Strongly
Disagree Lgtee

B. Thiz computer program will make a good component of wow overall trairing

1 2 3 4 5 i 7
Very Strongly Neutral Wery Stongly
Disagree Lgree

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




3. The inform ati on provided by the Simulation module will help me in my job on the hangar

fHloor.
1 2 3 4 5 1] i
Very Strongly Meutral Very Strongly
Disagree Lgree

4. The information provided should be part of anyinspecton traimng

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

5. Inadditionto youwr OT] and classtoom training all inspectors shodd be trained on the simulation module.

1 2 3 4 5 fi i
Yery Strongly Heutral Yery Strongly
Disagree Lgree

A. The information iz useful for arwrone aspiring to be an inspector,

1 2 3 4 5 i 7
Wery Stongly Mentral Wery Stongly
Disagres Lgree

T. Thistraining would be usefisl for periodic re-trairing of inspectors.

1 2 3 4 5 i i
Wery S trongly Meutral Wery S trongly
Disagree Lgree

2. Thistrainitg was vety realistie to the real-wotld of inspecting,

1 2 3 4 5 i 7
Very Strongly Meutral Very Strongly
Disagree Lgree
Format

1. Thecolorsused onthe screen did not distract from the task o cause eye discomfiort.

1 2 3 4 5 1] 7
Very Strongly Meutral Very Strongly
Dizsagres Agres




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

2. The buttons on the screen wete easy to understand

1 2 3 4 5 i i
Very Strongly Heutral Very Strongly
Disagree Lgree

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

1 2 3 4 5 i i
Wery Strongly Meutral Wery Strongly
Disagree Lgree

4. Touwere satisfied with the interacti on with the compuater.

1 2 3 4 5 i i
Wery Stongly Heutral Wery Stongly
Disagree Ligree

5. The tutorial was effective in providing instnicti on

1 2 3 4 5 i 7
Very Strongly Meutral Very Strongly
Disagree Lgree

6. The picture quality used for the aircraft was realistic.

1 2 3 4 5 i i
Wery Strongly Meutral Wery Strongly
Disagree Lgree

7. The picture quality of the defects was realistic.

1 2 3 4 5 i i
Wery S trongly Meutral Wery S trongly
Disagree Lgree




| Figure 1.42 Usability Questionnaire - ASSIST: Simulation M odule (Continued)

Table 1.4 Results from the Usability Questionnaire

Category 7 Point Scale Mean Scores (S.D.) Wicoxon
Test
1 7 General Module Simulation
Module

Content Very Strongly Very Strongly 5.66 (1.88) 5.27 (1.91) p<0.05
Agree Disagree

Presentation  Very Strongly Very Strongly 5.72 (1.23) 5.48 (1.32) p<0.05
Agree Disagree

Usefulness Very Strongly Very Strongly 5.47 (1.52) 4.81 (3.07) p<0.05
Agree Disagree

Format Very Strongly Very Strongly 5.55(1.45) 5.14 (2.39) p<0.05
Agree Disagree

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

guestion.

Table 1.5 Cronbach's Alpha Coefficient: General Module

Category
Content
Presentation
Usefulness

Format

Varg Vary k Alpha
9.54 32.26 4 0.94
5.48 17.35 6 0.82
12.27 61.76 10 0.89
9.08 21.09 6 0.68

Table 1.6 Cronbach's Alpha Coefficient: Simulation Module

Category Varg Vary k Alpha
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
Results on Four Dimensions of the Simulation Module
; Usability Survey
B Content Fresentation
. onten
sefulness Format
5 -
o 47
=]
[}
LN 3
2 -
1 -
|:| -




| Figure 1.43 Resultson Four Dimensions of the Simulation M odule Usability Survey |

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 apha 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 (Figure 1.43) on all the four

dimensionsinvestigated (Tables 1.7 and 1.8).

Table 1.7 Usability Analysis: General Module (Continued)

Category Question

Content 1. The amount of information
presented was adequate.

2. The information presented is
extremely relevant to my job as
an inspector.

3. The subjects were well
covered.

4. The information presented was
understandable.

Presentation 5. The language used by the
speaker was understandable.

6. The screens were
understandable.

7. The information presented
flowed smoothly.

8. The presentation was
interesting.

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

10. It was easy to navigate
through the modules.

Likert Scale
1 7
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly

Disagree

Agree

Compared Mean (S.D.)

Mean
4 5.45(2.11)
4 5.48 (1.97)
4 5.76 (1.98)
4 5.93(1.50)
4 6.02(0.82)
4 5.79(0.88)
4 5.66 (1.31)
4 5.59 (1.61)
4 5.41(1.18)
4 5.86 (1.12)

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)

(p<0.05)

(p<0.05)
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Usefulness 11. The knowledge gained from
each of the following sub-
modules was useful:“Role of
Inspection” Sub-module

12. The knowledge gained from
each of the following sub-
modules was useful:“ Safety”
Sub-module

13. The knowledge gained from
each of the following sub-
modules was useful:“Aircraft
Review” Sub-module

14. The knowledge gained from
each of the following sub-
modules was useful:“Factors
Affecting Inspection” Sub-module

15. The knowledge gained from
each of the following sub-
modules was useful:“Inspection
Procedure” Sub-module

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Disagree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Very
Strongly
Agree

Table 1.7 Usability Analysis: General Module (Continued)

Category Question

Usefulness 16. The short questions
presented during the final test
were helpful in reinforcing what
you learned.

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

18. The information provided
should be part of any inspection
training.

19. In addition to your OTJ and
classroom training, all inspectors
should be trained on the general

module.

20. The information is useful for
anyone aspiring to be an
inspector.

Format 21. The colors used on the
screen did not distract from the
task or cause eye discomfort.

22. The buttons on the screen
were easy to understand.

Likert Scale
1 7
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly
Disagree  Agree
Very Very
Strongly  Strongly

Disagree

Agree

Compared
Mean

5.41(0.75)

5.33(1.03)

4.88 (1.24)

5.47 (1.06)

5.40 (1.48)

Mean (S.D.)

5.68 (1.22)

5.31(2.36)

5.90 (1.95)

5.55 (2.18)

5.75 (1.76)

5.41 (2.54)

5.76 (0.76)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

Wilcoxon test

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)



23. The time for the computer to
process information did not
frustrate you.

24. You were satisfied with the
interaction with the computer.

25. The tutorial was effective in
providing instruction.

26. The colors used were
pleasing.

Table 1.8 Usability Analysis: Simulation Module

Category Question

Content 1. The amount of information
presented was adequate.

2. The subjects were thoroughly
covered.

3. The information presented was
understandable.

Presentation 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.

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

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Likert Scale
1 7

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Very Very
Strongly  Strongly
Disagree  Agree

Compared
Mean

5.69 (0.86)

5.61(0.74)

5.62 (1.82)

5.24(2.05)

Mean(S.D.)

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)

(p<0.05)

(p<0.05)

(p<0.05)

(p<0.05)

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)

(p<0.05)



2. The inspection tools (scraping Very Very 4 4.69 (2.42) (p<0.05)
knife, magnifying glass, mirror,  Strongly Strongly
and flashlight) used during the  Disagree  Agree
“Testing” sub-module were
realistic and helpful in looking for
defects.

3. The feedback provided at the Very Very 4 5(2.60) (p<0.05)
end of each screen was useful.  Strongly Strongly
Disagree  Agree

4. The feedback provided at the Very Very 4 5.03(1.69) (p<0.05)
end-of-session was useful. Strongly  Strongly
Disagree  Agree

5. The defect write-up provided Very Very 4 5.12(3.02) (p<0.05)
on the discrepancy card was Strongly  Strongly
useful. Disagree  Agree

6. This computer program will Very Very 4 4,97 (3.76) (p<0.05)
make a good component of your Strongly Strongly
overall training. Disagree Agree

7. The information provided by Very Very 4 4.23(2.73) (p<0.05)

the Simulation module will help  Strongly  Strongly
me in my job on the hanger floor. Disagree  Agree

Performance Analysis

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 | and 11) 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 (Figure 1.44), number of
false alarms (Figure 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 | 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 | and I1. The effect of pacing was significant for the following performance measures: inspection time,
percentage correctly detected, number of false alarms, misses, and total score on non-routine cards. Interestingly, analyses of variance did not revea any
significant differences between groups for the hangar-floor test (Figure 1.49).
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Table 1.9 Performance Measures Table

Group Inspector Inspection time Per centage correctly Number of false
Number (min) detected alarms
Unpaced Paced Unpaced Paced Unpaced Paced
S1 26.60 27.02 45 40 13 40
Trained

Group

S2 33.23 16.45 45 45 6 2

S3 49.67 32.73 60 60 35 32

A 57.38 13.50 60 65 29 27

S5 38.98 39.22 45 65 23 73

S6 35.50 30.70 60 70 30 43

S7 57.83 35.70 50 55 36 46

S8 37.73 290.75 50 55 35 42

9 39.52 30.28 50 70 29 39

Mean 41.83 28.37 51.67 58.33 26.22 38.22

Std. Dev. 10.81 8.41 6.61 10.61 10.45 18.67

S10 48.35 46.50 30 60 15 34
Control
Group

S11 40.50 290.17 20 45 14 22

S12 69.37 33.70 35 40 24 12

Number of misses

Unpaced

11

11

11

10

10

10
10.00
1.32

14

16
13

Paced

12

11

8.00

212

11
12

Total scoreon non-
routinework cards

Unpaced
7.50

9.00
11.00
11.50

9.00
12.00

9.00
10.50

9.50

9.89

1.45

4.50

4.00

7.00

Paced
6.50

9.00
11.00
11.50
11.00
12.50

9.50
11.00
14.00
10.67

2.15

10.50

8.00
7.00



S13 9.30 6.27 15 15 13 29
S14 18.12 11.29 15 20 7 11
S15 21.58 19.24 35 35 2 5
S16 63.49 40.28 45 70 12 6
S17 55.46 31.52 40 50 20 20
S18 63.14 30.47 30 65 27 32
Mean 43.26 27.60 29.44 44.44 14.89 19.00
Std. Dev. 22.14 13.09 10.74 19.11 7.88 11.08
Score on non-routine work cards
20
Score=2 S S=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

17

17

13

11

12

14
14.00
214

17
16
13

10

11.00
3.82

3.00
2.50
7.00
9.00
7.00
5.50
5.50

2.17

3.00
3.50
6.50
13.50
10.00
13.00
8.33
3.76



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

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




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
Cs8 35 53
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

5.444

5.44

0.16

*p<0.05

Table 1.17 Knowledge Test Section Il : Scores Obtained
from set of 30 Questions

Subject Before After
Training Training
Trained T1 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

C2 28 30

C3 25 25

C4 25 26

C5 26 25

C6 24 28

C7 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
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
Time Correctly  of False
(min) Detected Alarms
Group 0.00 11.61* 9.41*
Pacing 20.56* 16.10* 5.95*
Group * Pacing 0.12 2.38 1.43
*p<0.05

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

Source Short Multiple
Q& A Choicetest

Group 1.61 9.59*
Tria 242 2.17
Group * Trial 0.16 0.12

*p<0.05

Number of Total Scorenon-
Misses routinework cards

11.61* 10.11*
16.10* 10.78*
2.38 3.49




Table 1.21: Mean scores of Hangar Floor Test
Subject After Training
Trained Tl 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
C3 23
C4 23
C5 19
C6 17
C7 19
Cs8 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




Percentage of Defects

Fil|

B0

]

40

a0

20

10

Performance Measure:
Percentage of Correctly Detected Defects

Trained Gr oup

Contral Group

Figure 1.44 Performance Measure: Percentage of Correctly Detected Defects

Humber of False Alarms

Fil]

B0

]

40

a0

20

10

Performance Measure:
Number of False Alarms

Trained Group

Contral Group
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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. Thisis atestament to the task analytic and the iterative devel opment methodology used in developing ASSIST. The
system devel opers 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 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 hasimplications for on the job performance where
detection of defects and having alow 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
cardsis 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” asindicated 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 al 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 errorsin 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 dimensionsis 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.
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4. Completeness: Inspectors can be exposed to awide variety of defects with varying degrees of severity at different locations through the use of alibrary 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 differencesin inspection
abilities.

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. Caertification: 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 instructorsin FAA 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 al inspectors because
as literature has shown, large differences exist in inspection abilities. Unless we answer this very important question, devel opers of training program will tend to
design strategies insensitive to individual differencesin aircraft inspection abilities. In light of this situation, it is clear that we must identify training strategiesto
compensate for individual differencesin 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 ateam that includes the FAA, 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 acarrier’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
checksisto 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. 1nspections 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.
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In addition, the scheduling involved in inspecting individual aircraft adds to the stress placed on inspectors and AMT's. Asthe 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 isfollowed by a heavy inspection check. Since such alarge
part of the maintenance workload is dependent on the discovery of defects during inspection, it isimperative 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 isonly after the discovery of defects can the planning group estimate the expected workload, order replacement parts and schedule maintenance items.
As aresult, maintenance facilities frequently resort to overtime, leading to an increase in the total number of inspection hours and prolonged work hours. Thisis
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,
tranglated 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. Asthe 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.
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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 factorsif 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, atrend 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 awide 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 alarge 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 differencesin 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 None26
subjects vs. inspectors

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

*Myers-Briggs

wAIs|!Q 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-ZimmermanlSociability,stability restraint  |Low69

Mmmpi|Guardedness, anxiety Low69

MFEETI!mpulsives/reflectives High59

*ocus of Control|Introversion/extroversion High19,57

*Certainty Equivalence Risk seekers, risk aversion N/A54
Introversion,sensing,thinking |N/A49
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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 acritical 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 usin 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. Thisbeing 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 aso 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 atimely manner (see
FAAZ20,28). 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 visua 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’ sdecision.69 Using redlistic photographic images as atraining 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 arole 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 (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 arevolution 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 avisual inspection task. Similar simulations have also been used by other researchers to study inspection
performance in alaboratory setting. Since these early efforts, Latorella et al. and Gramopadhye, Drury and Sharit have used low fidelity inspection simulators
using computer-generated images to devel op 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-raysfor medical practice.
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However, most of the work in the application of advanced technology to inspection training has focused on developing simulators for running controlled studies
in alaboratory 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 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 devel op 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 sizefits 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: Subjectsin 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 a2 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 ||
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 atwo-button mouse.

Stimulus Material
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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 devel oped to train aircraft inspectors on inspection
skills was used to simul ate the inspection tasks and to collect performance data.

Table 1.24 ASSIST Protocol

Consent Demographic Individual Differences Test ASSIST Knowledge  Hangar

form survey Test Floor Test

Myers- Embedded Locus of Responsible Simulation Simulation test Training Training Simulator Test

Briggs test Figures Control test Risk Taking trial & general simulator
test Inventory demo
test
Unpaced Paced Unpaced Paced
Description 7 questions 85 18 30 questions 39 Parameter  Parameter set: The  Parameter Parameter set: Section I:
of Protocol on topics guestions questions used to guestions set: -No . ASSIST Set: _ Short answer Demonstration
1st test 1st test: .

Stage such as age, wusedto totest for measure used to feedback Genera 32 screen questions on test
experience, obtaina theability internaland measure the -Unpaced Module scenario- -Unpaced General
certification, personality to external amount of -No feedback  (All five -No feedback ircraft

. L. I Small -un arcr
and training type code. separate characteristics, risk people ( X sub- paced inspection
an introversion will take  Introduction modules) -Feedback
individual and when to the 2nd test- 2nd test- Section I1:
figure extroversion making QWSS'ST 4 -Pacedusing -Pacedusing 30 mulltiple
from a decisions S0 tﬁr:an mean of 1st test meanof 1sttest  choice
more . questions
complex _smulat_ed -No feedback -No feedback total (taken
stimulus Inspection from the
of which it environment) ASSIST
forms a software)
part
9 subjects X X X X X X X X X X X X
Trained
9 subjects X X X X X X X N/A N/A X X X
Control
Procedure

At the outset all the subjects completed a consent form (Figure 1.50) and a demographics questionnaire (Figure 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 (Figure 1.52),
the Myers-Briggs Test (Figure 1.53), the Locus of Control Test (Figure 1.54), and the Responsible Risk Taking Inventory Test (Figure 1.55).25,49,55,63
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INFORMED COMSENT STATERENT FOR AUTORATED SELF-PACED 5¥STER FOR.
[HETRUCTIOHAL SUPPORT AWND TRAINING (A5315T)

[NFORIWVIATICH

Wou have been irwvited to parbicipate in a research stody enfitled The SSSTST Fwaluston Stads I yom agree fo
participate, wou will be one of eightesn subjects at woour facility who will be participating in the stody.  Fowr
participation will be on an indrddual basis,

Prior to ary actovities, wou will be asked to fill out somwe personal demwographic information. AL INFORIVIATION
WILL BE STRICTLY CONFIDENTIAL.

There are two distinet stages to this research. In the first stage, sou will perforrn an on-the-job test and a corapmter-
sirnlated test of aircraft inspection. ¥ou will then recenve training from a cormputer-based multredia inspection-
fraiming futorial. In the second stage, som will perform another on-the-job test and another computer-simulated test of
aircraft mepection.

Youwill ako be asled to complete a ubiiple-choice test hoth before and after training, The scores on your test
will i be revealed to anyvone other than yourself (up on request) and the investigators conducting this researc h

This study is not o measure your indridual ability as an inspector, but rather fo measure the effects of our trairmg
e thod.

The terminology used throughowt this research study i meant to be general in nature and not specific o Delia
Air Lines. If you have guestions on the terminology given, please see the iraining ad miniirators.
ESTIMATED TIME FOR 5TAGE 1 and TRAIHNING = 4 HORS

At the conclusion of the studs wou will be asked to fill out a guestionraire ghdng s your opinion of the trainine.

ESTIMATED TIME FOR STAGE 2 =3 HOURS
COMSENT

I hawe heen given the opporfurdty to ask questions about this studs, ansaers to gquestions (if ansy) hawve been
satistactory

The inforrnation in the stody records will be kept confidential and will be made available onlyto persons conducting
the studyunless I specifically give permission in writing to do othereise. Inany reaults of this stady that are pablished,
[ will nothe identified.

In consideration of all of the abowve, T give my consent to parficipate in this research study. T understand that I may drop
out of this studsy at any point if' T so choose.

Lackyowdedze veceipt of a coprr of this indfonmned consent staterne nt.
SIGHMATURE OF SUBJECT
DATE

SIGHATURE OF WITHESS

SIGHATURE OF INVESTIGATOR,

Figure 1.50 Consent Form




I atne

1. Sex Lulale Female
2. &ge =20 21-30 31-40 41-50 50+
1. How long hawve you heen an aireraft inspector?
“<lwr. _ 1-10 s 10 3xs +
2. Howlonz have you been in the aireraft maintenance industey?

<1 . 1-10 yrs. 10 yrs +

3. What shift are you currertly working?
1« ard e
4. WWhich of the followings certificateslicenses do wou have? (S elect more that one i appropriate)
Adrframe certificate Powrer Plant certificate
Repairman certificate FCC license

Inspection authotization cettificate

5. Whete did you receive the moa ority of o techid cal tradndsns?
Mlilitaty Techical 3choals C ommpatyy training
A, Vot primoaryjob function as an inspectoris:

HIMY Letter check

Figure 1.51 Demographics questionnaire




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:

~1

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.




complex figure as when it appeared alone. |

Figure 1.52 Embedded Figures Test |

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 group of peaple,

1. Are you usually 'HWH-'NI.I usually rather 2. In a large group, do you maore often
O a "gead mixer,” [ fodn in the talk of the group, [ introduce others,
oF o or
[ rather quiet and reserved? [0 talk with cne person at a time? [] 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 considersd
[ fact courses, [ conventional enough never to O a practical person,
or make themselves conspicuous, or or
[ eourses involving theory? [ too original and individual to care L an ingenious person?

whether they are conspicuous ar not?

3, Is it a higher compliment to be called 13. Do you more offen let 21 Do you usually
[ a person of real feeling, [ your heart rule your hgad, [ value sentiment more than logic,
or ar ar
[0 a consistently reasonable person? [ your head rule your heart? [ walue logic more than sentiment?

Figure 1.53 Myers-Briggs Test




Name

LOCUS OF CONTROL INVENTORY

[nstructions: Fead each statemert carefully, then indicate the extent to which you agreewith it by writing a munber in
the blanl provided. There are no right ar wrong choices, just choose the one that 12 right for you. Ifthe respanses do
not adequately indicate your own opition, use the mamber closest to the way you feel. Use the following key:

Strongly Generally Agree Agree seldom ar
Agree Agree motnewhat Dnly Shghtly Mewer Agree
4 3 2 1 0

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

2. The course of tmy career depends on me.

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

4. The people who are mmportant control matters 1n this organization.

5. My career depends on my seniors.

fi. My effectiveness m this organization 18 determined by senior people.

7. The organization a person joing or the job he or she takes 12 an accidental occurrence.

8. A person’s career 15 a matter of chance.

9. A person’s success depends on the breaks or chances he or she recetves.

10.3uccessful completion of my assighments 15 due to my detailed planning and hard work
11.Being liked by sentors or making good impressions on them influences promotion decisions.
12.Recetving rewards 1n the organization i3 a matter of luck

13.The success of my plans 15 a matter of luck.

Figure 1.54 Locusof Control Test




Name

Responsible Risk-taking Inventory

Srale

1 2 3 4 5 & 7
complete moderate
disagreement acreemett

complete
agreement

1Ireach out to new people easily.
2. Tadapt my work to fif my personalibv.
3 Ttrust people a lot
4. fam proud o “show aoff ” good wark.
5. 1 often stand up for people who are not popular.
fl. { am rewarded for my good suggestions.
Fo I try to wotk clozely with people.
8. [ aften challenge old palicaes and views.
9 T am sometimes hutt by people who I hawve supported.
PO Fam flexibie in how [ do my work.
11. I single out those who need special recognition.
12, I aften explore new ways to do my wark.
13, I feel it 15 important that people believe 1 you.
2. T iry to make new things happen.
15, I like to be part of a “give-and-take” team effort.
16, ke the chance to prove myself—io show
what [ can really accomplish on wmy owa.

17. I feel followers build relationships as much as leaders.

L8, I afien find others copying mwy 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 (Figures 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 awork card -- work instructions
identifying the inspection task to be completed (Figure 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 (Figure 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
areafor defects and reported their identification by clicking the mouse on them. Subjects could use four separate tools—amirror, 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 1.62).

b ASSIST Simulator - Introduction 3/3

Potential Defects

Defect Name:
Craclcs

Locations:

near rivets, joints, any area of
stress

Indicators:
chipped pamt, near heles, nghly
stressed ponts

Frewvious
[efect | MHest Defect |

| Figure 1.56 The Crack Defect Simulated in ASSI ST |
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Potential Defects

Defect Name:

Cortosion

Locations:

neat floor, joints, anywhere
meoisture collects

Indicators:

fine grev powder,
bubbling/bulging, paint chipping,

darl: strealcs around rvets

Previous | 217 : |
Defect I— I— m I—

1
continue

Figure 1.57 The Corrosion Defect Simulated in ASSI ST




‘b ASSIST Simulator - Introduction 3/3 Ed
Potential Defects

Defect Name:
Datmaged rivets

Locations:

any rivets m structure

Indicators:

datk hole appears where
hardware should be

Frevious
Diefect

Figure 1.58 The Damaged Rivet Defect Simulated in ASSIST |
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Potential Defects

Defect Name:
Damaged conduts

Locations:

any condut under floors or m
wralls

Indicators:

cotdut risshapen or bent

Frewvious
Diefect

Figure 1.59 The Damaged Conduit Defect Simulated in ASSIST |
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“Wwiork Center: o o Card Humber:
e | TigerAir Task Card | ~35,1550

5/3/00 Aircraft L1011 Rew B 03-15-35

Title: Under Floar &ft Cargo Bin Wwhork Area: Aft Cargo Bin - C3

Mec: | Inso: |1, T 154 ot o e los ] Work Card

iispection of aft catzo compattment,
area 03 under floor including all
cothponents atd systes.

& Payparticular attention to the fuselage
fail-safe straps for any evidence of
delatvdniation, cottosion, lifting or
blistering of straps, or splitting of seal.

E. Paypatticular attention to any signs of
cotrosiot, such as blistering paint.

C. Inspect for any evidence of damage
such as bent or broken cotnponents,
sheated ot missing fasteners, or cracks
at stress points.

Figure 1.60 Work Card Used to for the Simulation in ASSIST




‘b ASSIST Inspection Simulator

Toolbox

Area Waork Card
Finizhed Complete

E xit

+ Fart .}
ft + Fore
Starb.
Station 1725,
Stringer 35

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




e ASSIST luepiezlinn Samulalm

B% YT T Codbuil_.

[T o L |
=

-
-

Timilmx
= | Nt | B¢
20 ] e L Fox Arca Work Card Exi
=kera Firizhed Complele

Slalun 1740,
Sirrgar 12

|  Figure1.62 Non-routine card used to Write-up Defects Found in the Simulator |

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 dlarms (areas incorrectly identified as having defects), the time to compl ete inspection and the correctly completed non-routine card (Figure
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 simulation test of 32 trials with active and CBT

or without feedback feedback
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ASSI5T

D Wiggaz Defocs =agal, Jat=clez Srea O Cartadh |datif ed Delad

Mazs Fepaciad li-zpeclion ™ m= 1.1
= || ]]]] - i,

Slahan 7 U5.
Shormgra 47

| Figure 1.63 Feedback Provided in the Simulation Module |

After completing the training, subjectsin 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 (asingletria 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 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.

e Scoresonindividua differences
tests:



- Myers-Briggs
Test49

—  Group Embedded Figures Test (GEFT) 51
— Locus of Control Test (LOC) 55
— Responsible Risk Taking Inventory Test 63

e Performance
measures:

— Mean inspection time - the average time in minutes for each trial block,
— Mean percent detected - the average percentage of defects correctly detected,
— Meanfalsedarm rate - the average number of defects falsely identified,

— Mean non-routine workcard score - the average scoret from the non-routine workcard write-up.

1.6.2 RESULTS

Data reduction was performed on the raw data, and analysis of variance (ANOV A) 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 afactor 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

* p<0.05
**p < 0.01
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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: al 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 differencesin individual abilities as measured by the individual differencestests. Most
importantly, as the dataindicated, 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 hasimplications for on the job performance where detection of defects and having alow
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 cardsis 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 bodeswell 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 -- aless 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 aso 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 afirst 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 astime
increases, hit rate and false darmsincrease. In the unpaced condition, those subjects who spent more time had an increase in false darms 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 increasein 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 defectsis
exponentialy distributed rather than normally.15 Thus, the more time spent on searching, the more false dlarms 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 conditionsthereis
atime constraint to search, leading to early detection of defects without extratime 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. Asthe 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. Thisfinding 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, demographicsin the airline industry are changing. The pool of potential inspectors with computer experienceis
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
subj ects 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 effectivenessin 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 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.
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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 alow score indicates an external person, who feels what happens to him is due to luck or
chance. Freeman, Eskew et a., 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 fal se 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 “atendency for the organization of the field as awhole to dominate perception of its parts” while field independenceis
“atendency for itemsto remain discrete from the organized field in which they are contained”.70 Gallwey, who conducted several geometrical-type studies,
found that the EFT 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 EFT 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 particul ar figure embedded within a complex figure. Thisfinding 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, asin 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 alow 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 lessrisky. According to Thapaet a.,
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 inspectors could be a step towards improving safety.

After the correlation analysis was devel oped, 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 atotal variance of 56%, loaded negatively on RRTI Tests and positively on performance measures
appearing to represent a "risk" factor. Factor 2, with atotal 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 atotal variance of 39%, represents a"performance” factor loaded on time and accuracy. Factor 2, with atotal 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.
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In genera, 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.

* Ageand 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 .

* Individua 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 agood 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. Thistraining 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 darms. Basically, the training program would be adapted to the needs of the inspector. Asthe
result of this study indicated, computer-based training has much promise to be used as avery effective tool, but only if its potential isrealized in away whichis
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 practitionersin the aviation industry and improving aircraft inspection
performance.

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:
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1. search of an areafor 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. useof 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 Figure 1.64.

Adaptive Training

It isclear 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 atypical training program: the content, which refersto 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 atraining 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

Wheel Well, Doors, Adjacent Components

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

Nose Gear Assembly & Installation

Nose Gear Tires & Wheel Assembly




Structure

1. Wheel well
hydraulic tubing
conduits

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

3. Downlock markings

4. NLG aignment spotlight

5. NLG taxi light

6. NLG doors

7. Aircraft wheel checking
placard (location given)

Defects Structure
Condition 1. NLG shock stout,

) bracestrut, torque arm, ground
Corrosion

sensing mechanism, cables,
actuating cylinder, linkages,

e Fluid leskage springs

° 2. Landing gear shock strut
Condition

e Visua damage

* Corrosion

e Security

General condition 3. Nose steering mechanism

Cleanliness

Check 4. Torquelinks

Cleanliness 5. Landing gear lock pins &

i - red warning streamers
Filament condition

Security of assembly

Closed doors

Secured doors (procedure

given)

Condition

Security

Defects Structure

» Corrosion 1.  Wheel hub valves,
tie bolts

* Visua damage

* Nicks& dings

*  Fluidleaks

e Security

»  Check for normal extension 2. Tires

¢ Cleanliness

»  Clean exposed portion of piston

with red hydraulic oil & wipe dry

e Condition 3. Water deflector
assembl

* Leakage Y

* Worn cables

* Release of nose steering bypass
e Check spring landed to steering
position

*  Loose bushings and bolts

*  Worn bushings and bolts

» Condition

*  Secure attachment of streamers
to lock pins

* Length of streamers should be
24-32" long

Defects
e Condition
e Corrosion

e Excessive wear
¢ Oil soaking

e Correct pressure - only
after 2 hours of parking

¢ Reinflate with
NL
e Damage

e Security of installation



8. Nosetire pressure Condition
placard (location given)

Security
9. Uplock and downlock + Condition
proximity sensors .

Security

The Training Program

The training program should consist of the following five steps:

1. Pretesting. Thefirst 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. Genera 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 area, information on
workcard usage, examples of defects in each area, inspection procedure, and afinal test. Throughout the training, subjects would receive feed forward
information and participate through active training by studying the modules and taking atest 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 essentialy 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
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1. Administer
pretests and categorize
subjects based on

scores

2. Computer training
only for subjectswith

little computer
experience

3. Generdized training
for all subjects

4. Risk training only
for subjects classified as
risky from pretest

5.  Simulated
inspection training under
paced and unpaced

conditions

* Responsiblerisk taking
inventory

»  Computer experience

»  Extracomputer training using
ASSIST sub-modules

* Role of inspector

o Safety

* Aircraft review

» Factors affecting inspection

* Information on the area

* Information on workcard usage

»  Examples of defectsin each area
* Inspection procedure

e Find test

» Different scenarios emphasizing
the optimal time to spend inspecting

» Different scenarios using
RAMP, and A,B,C, and D checks

Feedforward
Feedback

Active

Feedforward
Feedback

Active

Feedforward
Feedback

Active

Feedforward
Feedback
Schema

Active

Survey

Computer-based
(CBT)

CBT

CBT

CBT
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ASSIST Traiming Program

1. Pre-testing
of all inspector s

h J

Components

Sockmird stet Flesponsitle Risk
Taking Test atd survey on
cottputer experience. Classify
people as risky of noterisky and
as having much or little com puater
EXpetietce.

2. Computer training only
for subjects withlittle comgnater
EX petietice

Computer training using ASILAT
sub-modules

h 4

3. Generalized training  for
all inspectots

b 4

4. Rigk training for subjects
clazsified as i skor inspectors

Ruale of inspector

Safety

Sdreraftrevies

Factors affecting inspection
Inform ati on on the area
Informati on on workeard usage
Examples of defects in each area
Inspection proced e

Final test

Different scenarios
etmphasizing the optimal
titne to spend inspecting




5. Bimulated inspection *  RAMP checks
traiting for all arbjects * A4 B, 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 differencestestsin
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
improvements in inspection performance will then lead to reduced errors and improved aviation safety.
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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.
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1. Visual acuity. Thisisthe ability to discriminate fine detail that is then expressed as aratio, such as 20/20, called Snellen Acuity. Normal 20/20 vision is
assumed to be the ability to resolve atarget detail of 1 minute of arc at 20 feet.57 Static fovea 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 agood criterion
inspector.46 Visua acuity isan important predictor but was not used in this study since al inspectors have to go through visual acuity testing and have 20/20 or

corrected vision.

2. Lobesize. The areaaround the point of fixation in which the probability of detecting the presence of atarget item is defined when it is viewed within the
retinal field during asingle eye pause, or fixation isthe 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 1obes are more efficient detecting faults early

in the search process.58 While Gallwey found lobe size to be agood predictor for error classification in an inspection task.25

3. Contrast Sengitivity. By thisis 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. TheHarrisInspection Test. Thisisapencil 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..  TheWeschler Adult Intelligence Scale (WAIS). This scale measures intelligence (1Q) in three areas — verbal comprehension, attention concentration, and
analysis -- isameasure of mental processing speed. Significance with the attention-concentration subset -- arithmetic, digit span, digit symbol -- was found to be
avery good predictor of search errors.25

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

4. The Gordon Test of Mental Imagery Control. Thistests 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 Figurestest (MFFT), and the L ocus of
Control -- have been used in inspection performance studies with varying degrees of significance.

1. TheEmbedded 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 “atendency for the organization of the field as a whole to dominate perception of its parts” and
field independence is “atendency for items to remain discrete from the organized field in which they are contained” .70 Gallwey found that EFT was a good
predictor of 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.
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2. The Eysenck Personality Inventory. Thistest 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 alow 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 Thereislow correlation between inspection performance and the MMPI.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). Seeksto 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 MFFT,
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 flawsin
addition to making fewer size-judgement errors. However, the inaccurates detected more flaws.

5. TheLocus 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 asinternal scorers and external scorers. It issuggested 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 alower criterion and made more fal se alarms than machine-paced
externals.19 Internalstend to make fewer errors on avigilance 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
(MBTI).

1. Humanvigilance. Thisisasituation where an operator is required to detect intermittent, unpredictable, and infrequent signals over along period of time.
The resulting loss in sensitivity due to fatigueis classified by the arousal theory and expectancy theory.5

2. Certainty equivalence. Also known asarisk 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 asrisk 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). Thisis 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 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
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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

BETWEEN SUBJECTS
Training

Subj(training)

WITHIN SUBJECTS
Pacing

Training* pacing

Pacing* subj(training)

* p<0.05

DF

16

SS F
101.67 10.11*
160.86

29.34 10.78*
9.51 3.49
43.53

1.8.6 Appendix F- Means and Standard Deviations for Performance Measures

Group ID  Inspection time (min) Per centage

Unpaced

1 35.50

2 57.38

3 49.67
Trained 7 57.83
9 37.73
11 33.23
13 39.52
14 26.60
17 38.98
AVE 41.83
STD 10.81
4 63.14

5 18.12

correctly detected

Paced Unpaced Paced Unpaced

30.70 60.00 70.00
13.50 60.00 65.00
32.73 60.00 60.00
35.70 50.00  55.00
29.75 50.00 55.00
16.45 45.00 45.00
30.28 50.00 70.00
27.02 45.00 40.00
39.22 45.00 65.00
28.37 51.67 58.33

8.41 6.61 10.61
30.47 30.00 65.00
11.29 15.00 20.00

12.00
11.50
11.00
9.00
10.50
9.00
9.50
7.50
9.00
9.89
1.45
5.50
2.50

Total score on non-
routinework cards

Paced
12.50
11.50
11.00

9.50
11.00
9.00
14.00
6.50
11.00
10.67
2.15
13.00
3.50

Number of false

alarms

Unpaced Paced

30.00
29.00
35.00
36.00
35.00

6.00
29.00
13.00
23.00
26.22
10.45
27.00

7.00

43.00
27.00
32.00
46.00
42.00

2.00
39.00
40.00
73.00
38.22
18.67
32.00
11.00



6 21.58 19.24 35.00 35.00 7.00 6.50 2.00 5.00

Untrained g 55.46 31.52 40.00 50.00 7.00 10.00 20.00 20.00
10 69.37 33.70 35.00 40.00 7.00 7.00 24.00 12.00

12 9.30 6.27 1500 15.00 3.00 3.00 13.00 29.00

15 48.35 46.50 30.00 60.00 4.50 10.50 1500 34.00

16 63.49 40.28 45.00 70.00 9.00 13.50 12.00 6.00

18 40.50 29.17 20.00  45.00 4.00 8.00 1400 22.00

AVE 43.26 27.60 2944 4444 5.50 8.33 1489 19.00

STD 22.15 13.10 10.74 19.11 2.17 3.76 7.88 11.08

1.8.7 Appendix G- Correlation Analysis results (Trained Subjects)

U-hit U-fa P-time P-hit P-fa Unrwc Pnrwc Age Exper GEFT Loc Riskl Risk2 Know Hanger

U-time 065 -001 038 002 041 029 034 -003 065 021 -061 -041 -36 -.74
(05) (97) (31) (95) (28) (46) (37) (.92) (11) (59) (.08) (27) (.32) = (.02

U-hit 100 061 -0.16 058 -0.13 090 051 009 -0.71 038 -024 -044 -0.36 035 73
(08) (69) (10) (74) (01 (.16) (.82) (.03) (40) (54) (23) (.33) (34) (.04

U-fa 100 045 061 041 058 056 053 -0.34 003 016 -042 -043 -11 -39
(22) (08) (28) (10) (11) (14) (37) (.94) (67) (25) (24) (.78) (.29)

P-time 100 026 081 -017 014 038 -022 -032 039 031 008 -44 043
(50) (O1) (66) (71) (32) (56) (49) (29) (41) (85 (23) (24)

P-hit 100 039 068 098 003 -035 043 002 -0.63 -0.74 037 .77
(29) (04) (<.01) (.95) (.35) (.34) (97) (07) (02 (31) (02

P-fa 100 -010 017 022 002 -037 013 -002 -011 -31 042
(79) (65) (56) (96) (41) (.73) (97) (76) (41) (.26

Unrwe 1.00 066 011 -0.62 040 -048 -062 -0.66 059 -51

(05) (.77) (.07) (37) (19) (07) (05) (.09 (.15)



Pnrwc

Age

Exper

GEFT

Loc

Risk1

Risk2

1.00 -001 -029 043 0.06
(97) (45) (.33) (.88)
1.00 -0.04 000 005

(91) (1.0) (.89)
1.00 -0.14 0.19
(77) (.63)

1.00 0.07

(.88)

1.00

1.8.8 Appendix H- Factor analysis results (All subjects)

M easures

Unpaced time
Unpaced hits
Paced time

Paced hits
Unpaced nrwc
Paced nrwc

Risk test 1

Risk test 2
Unpaced false darms
Paced false alarms
Age

Locus of Control
Experience

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

0.80
0.69
0.71
0.91
0.66
0.92

0.93
0.93
0.77
0.86
0.75
0.82
-0.61

-0.62
(.07)
-0.09
(.80)
-0.17
(.66)
-0.50
(.25)

0.31
(42)

1.00

-0.78 051
(01) (.16)
013 -.23
(.73) (:33)
001 -.28
(.98) (.45)
-0.48 0.01
(.28) (1.00)
035 -58
(.36) (.09)
090 -.33
(01) (.37)
1.00 -.45

(:21)

-46
(.20)
-.06

(.86)
-.61

(.05)
-.70

(.08)
0.01
(.99)
-0.57
(.07)
-0.64
(.05)



GEFT test
Percentage variance

41 27

22 20

1.8.9 Appendix I- Factor analysis results (Trained subjects)

M easures

Risk test 1

Risk test 2

Paced hits
Unpaced nrwc
Paced nrwc

GEFT test

Paced time

Paced false alarms
Experience
Unpaced hits

Age

L ocus of Control
Percentage variance

1.8.10 Appendix J- Factor

M easur es

Unpaced time
Paced time

Paced hits

Paced nrwc

Risk test 1

Risk test 2
Unpaced false alarms
Unpaced hits
Paced false alarms
Unpaced nrwc
Age

Experience

Locus of Control

Factor 1 Factor 2

-0.95

-0.96

0.88

0.80

0.93
-0.60
0.89
0.92

56 25

Factor 3 Factor 4

0.97
-0.73
0.85
0.75
24 22

analysis results (Untrained subjects)

Factor 1 Factor 2

0.70

0.95

0.98

0.95
0.94
0.94
-0.91

Factor 3 Factor 4

0.71

-0.98

0.86
0.80
0.96

0.91
17

Factor 5

0.77



GEFT test 0.87
Percentage variance 39 34 27 22 16

1.8.11 Appendix K- Factor analysis results for demographic and pretest measures only (All subjects)

M easures Factor 1 Factor 2 Factor 3

Risk test 1 0.95

Risk test 2 0.96

Age 0.88
Experience 0.89

Locus of Control 0.77
GEFT test 0.76
Percentage variance 21 18 13
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