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1.1 INTRODUCTION

Thisreport is divided into seven major sections. The Background outlines the need for training in inspection. The next three sections detail the
ASSIST development effort, introduce the reader to its evaluation effort, and outline the methodol ogy used to evaluate this system, respectively.
Sections on performance and usability analysis describe the results of the evaluation effort. Finally the Conclusion outlines the implications of this
study in using computer-based inspection training for improving aircraft inspection performance. This research was conducted with various industry
partners to ensure its relevance and applicability to the aviation maintenance community.

12 BACKGROUND

The aircraft inspection/maintenance system is a complex one with many interrelated human and machine components.14,4 One of the mgjor factors
contributing to this complexity is the aging fleet. Scheduled repairs to an older fleet account for only 30% of all maintenance compared to the 60-
80% for anewer one. This difference can be attributed to the increase in the number of age-related defects.4 In such an environment the importance
of inspection cannot be overemphasized. It iscritical that these visual inspections be performed effectively, efficiently, and consistently over time.
Moreover, because 90% of all inspection in aircraft maintenance is visual in nature and is conducted by inspectors, inspector reliability is
fundamental to an effective maintenance system.

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. Training has been identified as the primary intervention strategy in improving inspection
performance. If training is to be successful, we need to provide inspectors with training tools to help enhance their inspection skills. Existing training
for inspectorsin the aircraft maintenance environment tends to be mostly on-the-job training (OJT). However, this method may not be the best one
because feedback may be infrequent, unmethodical, and/or delayed.9,12 Moreover, in certain instances, feedback is economically prohibitive or
impractical because of the nature of the task. Because the benefits of feedback in training have been well documented, and for other reasons as well,
dternativesto OJT are sought.27

More importantly, training for improving the visual inspection skills of aircraft inspectors is generally lacking at aircraft repair centers and
maintenance facilities even though the application of training knowledge to enhance visua inspection skills has been well documented in the
manufacturing industry where training has been shown to improve the performance of both novice and experienced inspectors.27,7 Visual inspection
skills can be taught effectively using representative photographic images showing awide range of conditions with immediate feedback on the
trainee's decision, a combination of training methods that has also been shown to be superior to OJT alone.27,20 A case study presented by
Gramopadhye et a. showing how photographic images and feedback were used to develop a computer-based training program for a contact lens
inspection task supports the findings of the Latorella et al.16,20

The success of off-line training/retraining with feedback suggests that this method can play arole in aircraft inspection training. One of the most
viable approaches for delivering training, given the many constraints and requirements imposed by the aircraft maintenance environment, is
computer-based training. Computer-based training offers several advantages over traditional training approaches: it is more efficient white at the
same time facilitating standardization, and supporting distance learning. One recent example is the Aircraft Maintenance Team Training (AMTT)
Program that is specifically designed to teach aircraft maintenance technicians basic team skills using a multimedia approach with interaction
opportunities between the user and the computer.15 With computer technology becoming cheaper, the future will bring an increased application of
advanced technology to training.


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=endnote&iid=607cc687.1bc10c5d.0.0&q=(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-14%5D)%7C(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-4%5D)&w=576&h=192
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=endnote&iid=607cc687.1bc10c5d.0.0&q=(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-4%5D)&w=576&h=192
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=endnote&iid=607cc687.1bc10c5d.0.0&q=(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-9%5D)%7C(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-12%5D)&w=576&h=192
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=endnote&iid=607cc687.1bc10c5d.0.0&q=(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-27%5D)&w=576&h=192
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=endnote&iid=607cc687.1bc10c5d.0.0&q=(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-27%5D)%7C(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-7%5D)&w=576&h=192
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=namedpopup&iid=607cc687.1bc10c5d.0.0&nid=2266
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=endnote&iid=607cc687.1bc10c5d.0.0&q=(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-27%5D)%7C(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-20%5D)&w=576&h=192
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=endnote&iid=607cc687.1bc10c5d.0.0&q=(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-16%5D)%7C(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-20%5D)&w=576&h=192
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=namedpopup&iid=607cc687.1bc10c5d.0.0&nid=1f6a
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=endnote&iid=607cc687.1bc10c5d.0.0&q=(%5BGroup%20PH10%20Anand1%20Reference%5D%5BGroup%20PH10%20Ref%20Anand1-15%5D)&w=576&h=192

In the domain of visual inspection, the earliest efforts to use computers for off-line inspection training were reported by Czaja et al. who used
keyboard characters to develop a computer simulation of avisual inspection task.2 Similar simulations have also been used by other researchersto
study inspection performance in alaboratory setting.2: Since these early efforts, Latorellaet a. and Gramopadhye et al. have used low fidelity
inspection simulators and computer-generated images to devel op off-line inspection training programs for airframe inspection tasks.13,20 Similarly,
Kundél et a. studied the application of advanced technology in relation to the inspection of x-raysin medical practice and Drury et al. studied human
performance using a high fidelity computer simulation of a printed circuit board inspection.19,6 More recently, Blackmon et al. have reported the
development of an inspection simulator using scanned images of airframe structures for aircraft inspection training.1 In summary, most of the work
in the application of advanced technology to inspection training has focused on devel oping low-fidelity simulators for running controlled studiesin a
laboratory environment as for example, the computer-simulated line judgement task conducted by Micalizzi et al., or it has been off-line training in
non-manufacturing areas, for example, the aircraft inspection domain.22 But advanced technology has found limited application in industrial tasks,
specifically the inspection tasks that exist in today’ s manufacturing industry. The primary exception is the use of simulators which have moved
11,18
beyond the aviation industry and military applications to chemical and nuclear plants. The message is clear: we need more examples of the
application of advanced technology to training for inspection tasks, examples that draw upon the principles of training that we already know work.
To answer this need, this case study demonstrates the application of advanced technology to inspection training for aircraft inspectors.

121
Training

Patrick has identified training content, training methods and the trainee as the important components of the training program.24 Drury includes the
training delivery system as another component.5 Training methods that have been used effectively for inspection training are described below.7,14

Pre-training

Pre-training provides the trainee with information concerning the objectives and scope of the training program. During pre-training, pretests can be
used to measure the level at which trainees enter the program and the cognitive or perceptual abilities that can be used later to gauge the training
performance/progress. Advanced organizers or overviews, which give the trainee an introduction to the program and facilitate the assimilation of new
material fulfill the elaboration theory of instruction which proposes that training should be imparted in a top-down manner with the general level
being taught before the specifics.

Feedback

A trainee needs rapid, accurate feedback in order to know whether a defect was classified correctly or a search pattern was effective. Gramopadhye et
al. classify feedback as either performance or process feedback.14 Performance feedback 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. Feedback with
knowledge of results coupled with some attempt at performing the task provides a universal method of improving task performance which can be
applied to learning facts, concepts, procedures, problem solving, cognitive strategies and motor skills.27 A training program should start with rapid

feedback, which should then be gradually delayed until the "operational level" is reached. Providing regular feedback beyond the training session
helps to keep the inspector calibrated.

Active Training

To keep the trainee involved in the training and to aid in internalizing the material, an active approach is preferred. In active training, the trainee
actively responds after each new piece of material is presented, as, for example, in identifying afault type. Czaja et al. demonstrated the effectiveness
of this approach for a complex inspection task.2

Progressive Parts Training

In the progressive parts methodology, parts of the job are taught to criterion and then successively larger sequences of parts are taught. For example,
atask consisting of four elements-- E1, E2, E3 and E4--would be taught as follows:

E1, E2, E3 and E4 would be trained separately to criterion
El and E2, E2 and E3, and E3 and E4 would be trained to criterion

E1, E2 and E3 would be trained to criterion then E2, E3 and E4 would be trained to criterion

The entire task would be trained to criterion
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This method allows the trainee to understand each element separately as well as to understand the links between the various elements, thus lending to
ahigher level of skill. Salvendy et al. successfully applied progressive part training methodology to training industrial skills reviews of the literature
on this method reveals progressive parts training is not always superior.25 The choice of whether training should be part or whole task depends on
the "cognitive resources' imposed by the task elements and the "level of interaction” between individual task elements.12 Thus, there could be
situations in which one type of task training is more appropriate than the other. Naylor et al. have postulated that for tasks of relatively high
organization or complexity, whole task training would be more efficient than part-task training methods.23

Schema Training

Schematraining lets the trainee generalize the training to new experiences and situations. For example, it isimpossible to train an inspector on every
site and extent of corrosion in an airframe. Thus, the inspector needs to develop a"schema' to allow a correct response to be made in unfamiliar
situations. The key to the development of schemaisto expose the trainee to controlled variability in training.

Feedforward Training

Feedforward training cues the trainee as to what should be perceived. For example, when novice inspectorstry to find defectsin an airframe, the
indications may not be obvious, unless they know what to ook for and where to look. Feedforward information can take different forms such as
physical guidance, demonstrations, and verbal guidance. Specific cueing techniques include match-to-sample and delayed match-to-sample.
Feedforward should provide the trainee with clear and unambiguous information which can then be translated into improved performance.

1.2.2 Training Delivery Systems

Training delivery systems can be classified as Classroom Training, On-the-Job Training and Computer-Based- Training.14 Gordon, who develops a
detailed taxonomy of delivery systems listing the advantages and disadvantages of each, indicates that the choice of the specific delivery system
depends on such factors as the knowledge that needs to be transferred, the user’ s background and experience, the implementation and devel opment
costs, the time available, and the flexibility.12

Training methods al ong with an appropriate delivery system comprise an effective training system. The following section describes the use of these
components and the task analytic methodology used to develop a computer-based aircraft inspection training program called the Automated System
of Self Instruction for Specialized Training (ASSIST).

1.3 ASSIST Development |

1.3.1 Task
Analysis

The development of the ASSIST Program followed the classic training program devel opment methodology. It began with a thorough analysis of the
requirements and the needs or goals of the training program. The next step was to establish the training group and identify the trainers and
participants who would be involved. Next, a detailed task analysis of the job was conducted to determine the knowledge, skills, and abilities
necessary for the job in order to specify the behavioral objectives of the training program. These objectives became the basis for evaluating the
training program. The next step was to define the criteria against which the inspectors would be trained and their performance measured to meet the
quality goals. The abilities of the incoming trainees were compared to the requirements imposed by the task to determine the gaps and, hence, define
the contents of 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.

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.17 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 a period of two years. Later the frequency of error was
estimated, after which the consequences of the errors on system performance were deduced. The error taxonomy provided the analysts with a
systematic framework to suggest appropriate content for the ASSIST training program. The ASSIST training program specifically focused on the
search and decision- making components of the inspection task. These have also been shown to be determinants of inspection performance and the
two most critical tasksin aircraft inspection.3,26,4,10
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Table 1.1 Task and Error Taxonomy for Visual Inspection (e.g. decision component)

TASK ERRORS OUTCOME
DECISION
41 Interpret indication. Classify as wrong fault type. All indications located are correctly

classified, correctly labeled as fault or
no fault, and actions correctly

i Choose wrong comparison standards.
4.2  Access comparison standard. wrong pari planned for each indication.

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

Does not use comparison standard.

4.3 Decideonif fault.
Type| error, false alarm.

Type I error, missed fault.

4.4  Decideon action.
Choose wrong action.

Second opinion if not needed.
No second opinion if needed.
Call for buy-back when not required.

45 Remember decision/action. Fail to call for required buy-back.

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

1.3.2 Structure of ASSIST

The overal structure of the ASSIST program is divided into three modules: General Module, Simulation, and Instructor’s Module (Figure 1.1). The
ASSIST training program is divided into the following subtasks: decision-making task, the training content of ASSIST that addresses this task, the
method by which the content is presented, the module in which the content is presented, and the error addressed from task analysis, which is
identified from the error taxonomy (Table 1.2).
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Figure1.1 Componentsof the ASSIST Aircraft Inspector Training Program

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

ASSIST TRAINING PROGRAM

CONTENT OF PROGRAM ERROR ADDRESSED FROM
TASK ASSIST METHOD MODULE TASK ANALYSIS
DECISION
4.1 Interpret Present examples of | Active and General e 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

e Comparison standard not

locations, and action .
’ available

e Comparison standard not
correct
»  Comparison incomplete

«  Does not use comparison

standard
4.3 Decideonif |Usesimulator withreal | Progressive Simulator * Typel error, fsedarm
it'safault defects and feedback parts, Active, < Tvpell error. missed fault
and Feedback yp '
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 Active and Simulator »  Forget decision/action
decision/ action | and complete NR card Feedback

with feedback »  Fail to record decision/action

System Structure

ASSIST consists of three magjor modules: (1) the General Inspection Module, (2) the Inspection Simulation Training Module, and (3) the Instructor’s

Utilities Module. All system users interact through a user-friendly interface which capitalizes on graphical user interface technologies and human
factors research on information presentation (e.g., color, formatting, layout, etc.), ease of use, and information utilization.

System Specification

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

General Module

The objective of the general module, which presents information through text, pictures, audio, and video, isto 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 athree-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-modul e allows the inspector to log in to the program (Figure 1.2). If thisisthefirst time the inspector has used ASSIST, the
inspector’srecord is created in the student database and a brief introduction to the program is shown. Thisintroduction 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.

3 ASSIST  Introduction [ =]
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Figure 1.2 Login Screen for the ASSIST Training Program

Navigation

The Navigation sub-module allows the inspector to move between the sub-modules of the ASSIST program. It displays the five content sub-modules
on the left of the screen and their partsin the center (Figure 1.3).

€ ASSIST Mavigation Map [ <]

File GoTo Help

Role of
Inspector

[&pprox Time: 20 min]

& Role of Inspector Module

5 Safety ~ Federl Avintion Regulntions (F, AR 's)
¥ Types of nspection
= Brope of Work Task
~ Hspectlon Tools
P a——
e

[&pprox Time: 15 min]

% Afrcrafi
Review
[&pprox Time: 15 min]

Factors
Affecting
Inspection

[&ppraox Time: 25 min]

Inspection

Procedure

[&pprox Time: 30 min]

Figure 1.3 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 1.4).
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A% ASSIST Role of Inspector 476

Inspection Tools

Common Inspection Tools:
Flashlight
Ztandard Inspection Mirror

Ilagnifring Glass (1030

=teel Scale

N _ ASSIST

" Role of Inspector
; r " Module

|I 1
2 J Exit

d] 1]

Figure 1.4 Role of Inspector Sub-module Covering I nspection Tools

Map

Safety

The Safety sub-module covers the two major areas of safety related to the inspector’ s general environment: safety in the maintenance hangar and
safety issues specific to the inspector. Topics include hearing safety, accessing the aircraft, and foreign object damage (Figure 1.5).
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* ASSIST Safety 174

Introduction

Types of Safety:

=) (ieneral Environment S A F ETY

e Inspector Specific

Safety Practices Affect:
Tou

. ASSIST

The Adrworthiness of the Adreraft SafEty Module

4 1] b

Exit | Map

Figure 1.5 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 commercial aircraft from Airbus, Boeing,
Lockheed-Martin, and McDonnell Douglas (Figure 1.6).
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. ASSIST Aurcraft Heview 3/5

@ﬂﬂfﬂva

ASSIST

Aircraft Review
; r : Module
| 1

S0 || 4] 11| D]

Figure 1.6 Aircraft Review Sub-module Covering Boeing Aircr aft

Map

Factors Affecting Inspection

The Factors Affecting I nspection sub-module covers the various factors that can affect the inspector, including environmental, subject, process, and
information factors (Figure 1.7). Detailed information is presented for each.
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ASSIST Factors Affecting Inspection

by | Organizational
Environment .

Inspector
N ¥
v

Subject Factors , Process Factors

fé""”: ') Ret Main M ¢l

Information

Written Documentation Oral Communications
‘_ "

o -
"

-

&

Figure 1.7 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 1.8).
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o ASSIST Ingpection Procedure 8/8

Sample Walkthrough

Sample Walkthrough:

Obtan "Worlke Cards from
otk Docle

Check for Proper Tools and
Azsociated Information to
Inspect Lrea

Locate and Approach
Inspection Area

WVizually Inspect for
Defects in Area

Fill Ot a Discrepancy Eepott
tor Each Defect Found

Figure 1.8 The Sample Walkthrough Section of I nspection Procedure

Final Test

After completing all sub-modules, the inspector takes the Final Test at the end of the General Module (Figure 1.9). Thistest contains 20 multiple
choice questions covering all the topics in the General Module. The results are stored in a database, which can be accessed by the instructor for later
analysis.
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o ASSIST Inzgpection Procedure Quiz

Figure 1.9 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 1.10).
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L ASSIST Simulator - Introduction 3/3

Potential Defects

Defect Name:
Cracles

Locations:

near nvets, jomnts, any area of
stress

Indicators:

chipped patnt, near holes, highly
stressed points

Freyious |
[efect Mext Defect |

Figure1.10 Potential Defectsthat may Occur in the Simulator

Testing

The testing module is designed to operate in two separate modes: with and without feedback, with the non-feedback mode simulating the actual
visual inspection task as it would take place on ahangar floor. In either mode, the inspector first locates the defect and then indicates it by clicking
on the fault. Subsequently, the inspector classifies the defect by filling out a Non-routine Card. In feedback mode, the inspectors are provided with
feedback on their performance on the search and decision-making components of the inspection task. The trainee is also provided with feedback at
the end of the performance. The program also features paced and unpaced modes. The paced mode allows the inspection to continue for only a
specified period of time, while the unpaced mode allows the inspection task to be unbounded by time. In the simulator, the inspector can use four
inspection tools: scraping knife, magnifying glass, mirror, and flashlight (Figure 1.11). These tools appropriately change the inspection image and
potentially reveal defects that would not be seen by the unaided eye.
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‘oL ASSIST Inspection Simulator

o

Toolbox
Aft + FD[EI Area Work Card Exit
Starb. Finizhed Complete H
Station 1745,
Stringer 38

Figure1.11 Usingthe Flashlight in the ASSIST I nspection Simulator

The Instructor's Utilities Module

The moduleis 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 severa training and/or
testing sessions (Figure 1.12). The module is designed as a separate stand-alone tool that islinked 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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& Instructor's Module

Figure1.12 Main Menu of the Instructor’s Module

In addition, this module has a simulation setup utility, allowing instructor to create different inspection scenarios by manipulating the inspection
parameters (Figure 1.13). This utility allows the instructor to change the probability of defects, the defect mix, the complexity of the inspection task,
and information provided in the work card, thereby varying the feedforward information provided. In addition, the inspector can chose the feedback

(Eigure 1.14) or non feedback mode and the pacing of the inspection.

& Inztructor's Module

Aft Cargo Bin - Und

|nzpection of Aft Ca
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M ain

Menu Setup

E xit | Run

Figure 1.13 Simulator Setup Utility

ASSIST - Inzpection Feedback

T

O bissed Defect Falsely Detected Area O Correctly Identified Defect
Areas lnspected Inzpection Time: 5. R
) . Lo eturn !u
0z 100 Inspection
Station 1665,
Stringer 38

Figure 1.14 Feedback Information Given by the ASSI ST Program

Inspection Training Session

The training program was designed to use the general principleslisted 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
skillsin an orderly manner. A typical training session proceeded as follows:

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

2. General Module Training: In the general module the subjects were provided with information on the following five topics: the role of the
inspector, safety, aircraft review, the factors affecting inspection, and the inspection procedures. Using the navigation map, the subjects either
directly went to a particular topic or sub-topic or followed the default path through the topics. At the end of each topic, abrief 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 topicsin
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 wereinitially 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 1.11). Following the inspection, subjects completed a non-routine card
(Figure 1.15). 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.
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TigerAlR Discrepancy Card |

Originated by [tem:
IBI Looze Hardware, Station 1665, Stringer 38

Authorized by:
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Correction:

Inzpector:

o

Sernal Mao. OFf:

I Drate; Job Mumber; Card Mumber:

Serial Mo, On:
51000 [ 1466 [ 1 oK | Cancel |

o

Figure 1.15 Non-routine Card Used to Record an | dentified Defect

1.4 EVALUATION OF ASSIST ‘

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

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

2.  Toconduct adetailed usability evaluation of the ASSIST software.

Accordingly, the study was divided into two parts, with Part | focusing on performance evaluation and Part 2 on usability evaluation. The
methodol ogies supporting each part are described below.

1.5 METHODOLOGY ‘

1.5.1 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:

e 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-simul ated
inspection task using the ASSIST software.

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

Equipment for Computer Simulation

The experiment was conducted using Hewlett Packard personal computers with aWindows NT Workstation 4.0 operating system and an Intel
Pentium |1 processor operating at 300 Mhz. The subjects viewed the stimulus material at a resolution of 800x600 pixels/inch from 20 inches and
responded to the stimulus material using a two-button mouse.

Stimulus Material
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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 Il: | Hangar floor
form survey Short Multiple trial & demo genera simulator Short Multiple test
Q&A choice test Q& A | choicetest
Un- | Paced Un- | Paced
paced 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 1st test- ASSIST Set: 1t test- answer | questions test
Stage age, questions from the feedback Genera 32 screen questions |total (taken
experience, on ASSIST -Unpaced Module | Somrio. | “UNPaced on from the
certification, software) _No feedback | (All five -No feedback ASSIST
Genera Genera
and training - ~ (Small sub- -Unpaced ! software)
aircraft introduction modules) | -Feedback areraft
inspection to the ond test- ond test- inspection
so?t\iign 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 1.16) and a demographics questionnaire (Figure 1.17) 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 Il of multiple choice questions (Figures 1.18 through 1.20). Both sections of the test collected
user information on the subjects’ prior knowledge of aircraft inspection.
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INFORIVIED COMNSENT STATEWENT FOR AUTCOKATED SELF-PACED 5¥5TENM FOR.
INSTRUCTICW AL SUPPORT AWND TRATNING (ASSIST)

[NFORIVIATION

o have heen imvited to participate in a research study entitled The ASSIST Esaluafion Studw If you agree o
participate, som will be one of eighteen subjects at your facility who will be participating in the smdy. ¥Your
participation will be on an indradnal basis,

Frior to ansr actrvities, ywou will be asked to fill ont some personal demographic information. &1L INFORIWVIATION
WILL BE STRICTLY CONFIDENTIAL.

There are two distinet stages to this research. In the first stage, sou will perform an on-the-job fest and a corpnter-
sitimlated test of aircraft inspection. ¥ou will then recere trairing from a compnter-based roltimedia inspection-
trairdng tutoral. In the second staze, sou will perfinm another on-the-job test and another cormpnter-simulated test of
aircraft mspection.

Youwill ako he asked to complete a nulbtiple-choice test hoth hefore and after training. The s ores on your test
will ot he revealed o anyone other than yourself (upon request) and the investigators conducting this research

Thiz study iz not to measwre your indrvidual ability as an nspector, but rather to measare the effects of our training
roe thiod.

The terminelogy used throughowt this research study i meant to he general in nature and not specific 1o Delta
Air Lines. If you have guestions on the terminology giren, please see the ivaining ad ministrators,

ESTIMATED TIME FOR STAGE 1 and TRAINING = 4 HOURS

&t the conclusion of the studs won willbe asked to fill out a guestionnaire ghing s your opindon of the training.

ESTIMATED TIME FOFR.STAGE 2 =3 HOURS

CONSENT

I hawve heen given the opportmdty to ask guestions about this study, answers to guestions (if ans?) have been

satisfactory

The information in the stody records will be kept confidential and will be made availdble onlyto persons conducting

the studsrunless T specifically give permmission in writing fo do otheraise. In any reaults of this study that are published,

Iwill nothe identified.

In consideration of all of the abowe, [ give oy consent to parficipate in this research study. [ understand that I masy drop
out ofthis study at angy point if' T so choose.

T acknowdedgze receipt of a copryr of this inforred conse nt staterment.
SIGWATURE OF SUBJECT
DATE,

SIGHNATURE OF WITHESS

SIGH A TIRE OF MY ES TIG A TOR.

Figure1.16 Consent Form




Mame

1. Hex Ilale Female

2. & ge ___ =0 21-30 31-40 41-50 S0+

1. Howlong have you been an aircraft inspector?
<1 . 1-10 wrs. 10 wrs +
2. Howlong have you been in the aireraft maintenance industy?

<1 wr. 1-10 yrs. 10 yrs. +

3. What shift are you currently working?

il ard 3rd

4. Which of the following certificatesficenses do you have? (Select more than one if appropriate)
Airframe certificate Powrer Plant certificate
Fepairman certificate FCC license

Inspection sithorizati on certificate

5. Where did you receive the & ority of yow tectmical traiting?
Militaty Techrical Bchools C ompany training
A.  ¥our primaryjob function as an inspector is:

HLIV Letter check

Figure 1.17 Demographic Survey




Enowledge Test Section I Short O & A

Scoring:

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

1.

2.

10.

11.

12,

13.

14.

What are two types of inspection?

What ate two types of quality audits? Describe them?

What 15 parts control ¥

WWith regard to neise, whatis masking?

What three things can affect the light available for wizual inspection?
What 1z 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 15 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 commeon errors 1n wntten communication?
Why 15 feedback important? What are the two forms of feedbacl?

What ate two things you could do if ou go to the area you are to inspect and you can’ see very well do to
poot i ghting?

Wiy isit sometitties necessary to perform busrback inspection?

Figure 1.18 Knowledge Test Section |: Short Q & A

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

Question 1:

Anawrer A

Answer B

Anaret O
Anarer [

Question 2:

Anawrer A
Anmrer B
Anaret O
Anarer [

Maintenance on anitem has been completed the atea has been closed and maintenance has signed off oni
A58 buy-back inspector you shod d:

sigre of f o the inspection.

ask the mechanic to open up the area and inspect it and then sign off on i1t (based .
inspect on)

ask another buy-hack inspector in the field to sign off on it

A1 of the abowve

The common inspection tools include all of the following except:

flaghlight.

steel scale.
magnifyng glass.
acrevrdtiver.




SIS eL Sl
Anmrer B
Anaret O
Anarer [

Question 3:

Anawrer A
Anmrer B
Anaret O
Anarer [

Question 4:

Answer &
Answer B
Anaret O
Anarer [

Question 5:

Anarer &
Anaret B:
Anawer O
Anarer [

Quesiion 6:

Anawer &
Anawer B
Anaet O
Anarer D

Question 7:

Anawer &
Anaret B
Anaet O
Angwer [

Quesiion 8:

Anarer A
Anaret B
Angwer O
Anarer D

Quesiion 9:

Anarer A
Anawer B
Anawer O
Anarer D

Quesiion 10:

Angwer &
Anaret B
Anaet O
Anarer D

Quesiion 11:

Anawer A
Anaret B
Answer O

Tlashil gt
steel scale.
magnifyng glass.
acrevrdtiver.

When petforming an OF to close inspection, always remember to:

Take one last look for defects.

Bign the wotk card

Make sure all toolshave been picked .
A1 of the abose,

Which of the following tasks relate to the scope of the inspectot’s job:

Providing explanation if the mechanic perfonns an incotrect installation or repait.
Inspecting the aircraft and not performing the mechanic's work.

Answeting aty gquestions about the M o B outine card

A11 of the dhove.

¥ oar actions while inspecting an aircraft can affect which of the foll mwring;

o

W ot fellowr employees

The airworthiness of the aircraft
All of the above

When attempting to inspect inside a pootly lighted bag bin:

Donot be concerned, there isprobably enosgh light to see wour way.
Eeep all the doots open so light from the hangar can enter.
Bringmore fixed ighting equipm ent inside the bag bit.

Just use wour flashlight to see.

Being wvery familiat with et ergency equipment in your area will:

help you guickly resolve an emergency situati on
let o escape a datgerous area.

provide asafe place during emergencies.

Al of the above

What 13 the biggest danger of foteign object damage (FOLYY

Danger to the hangar,
Loss of a tool.

Dam age to the aitcraft.
Mone of the above.

Which iz a long-range 4 engine aircraft?

737
T47
FETET
7T

Which aitcraft would be least likelyto have alarge samber of defects hased on yeats in service?

LD -20
L-1011
747
A300

iz the abilityto see detail at wvarious distances from the object of regard.

Colar wision
Wisual acuity
Peripheral wision




-

Anawer A
Anaret B
Answer O
Anarer O

Anawer A
Anaret B
Angwer O
Anawer [

Anawer A
Anaret B
Angwer O
Angwer [

Anawer &
Anaret B
Anaet O
Angwer [

Anawer A
Anaret B
Anaet O
Angwer [

Lnewer A

Anaret B
Anaet O
Angwer [

Anawer A
Anaver B:
Angwrer O
Answer [

Anawer A
Anaver B:
Angwrer O
Angwer [

Anawer A
Anaver B:
Answer O
Angwer [

Quesiion 12

Quesiion 13

Question 14:

Question 15

Question 16:

Quesiion 17:

Quesiion 18:

Quesiion 19:

—— -

C olor vizion
Wisual acuity
Peripheral srision
C onspi cuity

Facton ) that m ake up an inspector’ s physical envirotument 15 (are):

Amourt of lighting

Wiotk design

Ambient temperature and ham idity lesvel
Both A and C

Ezpetience can be categorized based on:

Humber of yeats of work
Wariety of work conducted
Both A and B

Hote of the abowe

Given a fixed time period, strategiesto maintain acowracy when time izlimited are:

Add more ingpectors

Incorpordte a systematic search strategy
Both & and B

Mone of the above

It order for an inspector to propedy perform an inspection, the inspector:

Mlust hawve the cotrect equipmert and tools awailable.

Mgt have access to the required dooumentation and matnals,
Must be trained on the proper use of the equipmert and tools,
&1 of the above

Ftocess factors refer to:

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

O rzanizational requiremm ents by an inspector's employer.

Factors regarding the communication of inform ation

Factors that m ake up an inspector' s phiysical enviromment.

Where is the Adrcraft Loghook kept?

At the service facility that would vse it the most
Each serwice facility has a coper

With the aitcraft both in-flight and doring service
AtFaA Headguarters

Where does an inspector go to pick up the work cards fior an inspection assigim ent?

The wotk dock or the inspection supersor
They are ateady on the aircraft

The quality assurance department

FA4 Headguatters

Wich type of inspection would be best suited for wiewing the inside of an engine during an engine check?

VW isual
Borescope
Z-Ray
Coitn T ap




Ansver T Z-Ray
Answer [ Coitn T ap

Question 20: & check to see whether aunit or system performs within specified limits is called what?

Answer & Final Inspection

Ansvwer B: Functional Check

Ansvwrer T Ilissed [tem

Answer [ Reguired Inspection Item (RI)

Question 21: I addition to being familiar with all inspection methods, technigques, and equigem ent in their
specialty, arcraft nspectors must:

Answer A maintain proficiency in using various inspection aids intended for that purpose,

Answer B have avalable and understand current specificat ons involving inspection telerances,
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 devices are to be used, be skilled in operating

that equipment and be able to properly interpret indicati ons.
Angwer D A1l of the above.

Question 22: Bigr-back inspection stepsinclude all of the following ex cept:

Afigarer & Signing off on a workcard if satisfied
Angwer B: Helping the mechanic complets his or her wotk.
Answer A mechanic requesting an inspect on.

Answer I Inspecting the worle done by the mechanic,

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

Afigarer & Wse your own judgem ent.

Angrer B Congult the compatyy safety moarnal,
Anewrer O Consult Adrworthiness Directives.
Angwer D Consult other inspectors in the area

Question 24: For effective heating protection, sou shoald:

Angwer & Enow the blast and suction zones around a patticu ar aircraft.
Angrer B Weat eatplugs of "earmuffs"

Angarer T Work frequertly neatr the use of a preumatic rivet gun
Angrer I &11 of the above

Question 25: Which Airbus aircraft is a0 dtra-long range 4 engine model?

Angwrer A A300
Anarer B A320
Anarer O A330
Anarer D A340

Question 26: Whritten commud cation in the aitcraft inspection industry may come inthe form of!:

Anarer & Wiorkeards, non-toutine cards, atnd bulletifs,

AngwerB. Matafactirer’ s marmals, OEHA guidelines, and adwsory circulars,

Anewer C FAR s ADs, and compatry procedhares.

Angrer D A11 of the above

Question 27: may lead to lowering of quality and perform ance, loss of time and m oney, and fostration.
Afigarer & Work design

Angwer B Imptoper commud cation

Angwrer C Teamwork

Armrar 1 ] 4ohtino




Anarer &
Anarer B
Anawrer O

Work design
Imptoper commud cation
Teamwork

Anewer D Lighting

Question 28:

Anarer &
Anarer B
Anawrer O
Angwer [

Question 29:

Anawer A
Anarer B
Anarer O
Anawrer [

Question 30:
oty aty airct aft?

Anawer A
Anarer B
Anarer O
Anarer D

Becanse of the depth of knowledge and skills required for aviation inspection and mairtenance
tagks, a heavy emphasis must be placed upon .

Job design
Work design
Workplace design

Training

Which of the following isHOT considered to be a type of Mo Destructive Inspection (NDT)?

Eddy Current
Drre-Petietr atd
Visual Inspection
Coin Tap

Wi ch of these documents would you expect to have information abowut a widely known problem

Bignificant Structural [tem (330
Federal A-ation Reguiations (FAR)
Inspection work dock

Discrepancy Eepott

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

Question 1:

Anmrer A
bAngwer B

Anaret O
Anawrer [

Question 2:

Anmrer A
Anaret B:
Anaret O
Anawer [

Question 3:
Anarer &
Anaret B:
Anaret O
Answrer [

Question 4:

Lnewer A
Anaret B:
Anaret O
Anawrer [

Question 5:

Anmiretr &

Maintenance on at itetn has been completed the area has been closed and maintenance has sighed off ond
&5 abuy-back inspector you shodld:

sigr of f on the inspection.

ask the mechanic to open up the area and inspect it and then sign off on i1t (based .
inspect o)

agk ancther buy-back inspector in the field to signe off on it

Al of the abowve

The common inspection tools include all of the following except:

flashlight.

ateel scale.
magrifang lass,
sorewrdriver.

When petrforming an OK to close inspection, always retmember to:
Take one last look for defects.
Sign the wotrk card

Make sure all toolshave been picked .
&11 of the abose.

Which of the following tasks relate to the scope of the inspectot’s job:

Providing explanation if the mechanic perfonms an incorrect installation or repair.
Inspecting the aitcraft and not performing the mecharc's work,

Ansarering any oquestions abowt the N on-B outine card

&1 of the dhove.

W ot actions while inspecting at aireraft can affect which of the foll oering:

T o




Question 5: W ot actions while inspecting at aireraft can affect which of the foll oering:
Answer & o
Answer B W ot fellow employess
Anmarer O The aira artliness of the aircraft
Anmarer I A1 of the abowve
Question 6: When attempting to inspect inside a pootly lighted bag bin:
Answrer & Donot be concerned there isprobably enough light to see your way.
Angwer B: Eeep all the doors open so light from the hangar can enter.
Angwer C: Bringmore fixed ighting equiptn enit inside the bag bin,
Answer [ Just use wour flashlight to see.
Figure1.19a Knowledge
Question 7: B eing very familiar with em ergency equipment in wour area will:
Angwer A help o gquickly resolve an emergency situation
Answrer B: let ywoa escape a dangerous area.
Angwer O provide a safe place during emergencies.
Angwer D Al of the above
Question §: What is the biggest datger of foreign object damage (FODY?
Ansarer & Dranger to the hangar.
Anzwer B Loss of a tool.
Anmarer C Diath age to the aitcraft.
Angwer T Mote of the abowe.
Question 9: Whichis a long-range 4 engine airer &ft?
Angarer & 737
Anzwer B T47
Aniarer C THTHaT
Anger D T
Question 10: Which aircraft would be least likely to have alarge namber of defects based on years in service?
Angwer A LID-20
Anser B: L-1011
Angarer O 747
Angwer D A300
Question 11: __ igthe ahdityto see detail at various distances from the object of regard.
Angarer & Color wision
Answer B Visual acuity
Animarer © Peripheral wision
Anger D [ onspd cuity
Question 12: Facto g1 that moake up an inspector” s physical encir otnent i3 (are):
Anger & Amourt of lighting
Angwer B Wotk design
Animarer © Ambient temperature and nynidity lesel.
Angwer D Both & and C
Quesiion 13:  Experience can be categorized based on:
Ansarer & Mumber of years of work
Answer B Vatiety of work conductad
Animarer © Both & and B

Anmrer D

Mone of the above




Answer B Vatiety of work conductad
Angrer T Both & and B
Angrer D Wone of the abowve
Figure1.19b Knowledge
Quesiion 14: Griven a fixed time period, strategiesto maintain accuracy when time islimited are:
Answer & Add more inspector s
Angwer B Incorpordte a systematic search strategy
Answer C. Both &4 and B
Anewer 0 Mone of the abowe
Quesiion 15 In order for an inspector to propetly perform an inspectior, the inspector:
Angwer &, Must have the cortect equipmert and tools available,
Angwer B Mgt have access to the required dooumentation and matnals,
Answer C. hiust be trained on the proper use of the equipmernt and tools.
Answer 01 Al of the abowe
Quesiion 16: FProcess factors refer to:
Answer & Elements of the inspection process that may either help or hinder an inspector from doing
hiziher job.
Angwer B O rzanizational requiremm ents by an inspector's employer.
Answer C. Fartors regarding the communication of inform ation
Answer 01 Factors that 1 ake up an inspector' s physical endronment.
Quesiion 17: Whetre is the Adreraft Loghook kept?
Anmwer A At the service facility that would vse it the most
Ansvwer B: Each serwice facility has a copryr
Anevwer C: With the aircraft both i flight and daring service
Anewer [ AtEAA Headguarters
Quesiion 18: Wohere does an inspector go to pick up the work cards fior an inspection assigim ent?
Anmwer A The wotk dock or the inspection supersor
Ansver B: Thes ate dready on the aitcrafi
Anevwer C: The quality assurance department
Anmwer D FAA Headguatters
Question 19: Wohich type of inspection would be best suited for wewing the inside of an engine during an engine check?
Answrer & VW isual
Ansver B: Eorescope
Answer C: I -Ray
Anmwer D Coinn T ap

Figure1.19c Knowledge




Quesiion 20: & check to see whether a unit or system petforms within specified limits is called what?

Anmwer A Final Inspection

Ansvwer B: Functional Check

Ansver T Mlissed Item

Answer [ Reguired Inspection Item (RIT)

Question 21: In addition to being familiar with all inspection methods, techiicques, and ecquipm ent in their
specialty, aircraft inspectors must:

Answer A maintain proficiency in using van ous inspection a ds intended For that purpose.

Answer B have avalable and understand current specifications inv olving inspection tolerances,
limitations, and procedures established by the manufacturer of the product being
inspected and with other information such as FAR s

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

that equipment and be able to properly interpret indications.
Anarer D A1l of the above.

Question 22: Bipr-back inspection steps include all of the following ex cept:

Angrer & Bigning off on a workcard if satisfied
Angwer B: Helping the mecharic complete his o her wotk.
Answer C; A mechanic requesting an inspect o,

Answer D Inspecting the work done by the mechanic.

Question 23: When in doubt about a procechare for safety reasons, you should:

Afigarer & Wse your own judgem ent.

Ansgwer B Consult the compaty safety matal.
Angwer O Conslt Airworthiness Directives.
Angarer D Congult other inspectors in the area

Question 24: For effective hearing protection, you shoald:

Afigarer & Enoa the blast and suction zones around a partiodar aircraft,
Angrer B Weat eatplugs of "earmuffs"

Answer O Work frequentlsy near the use of a pnewmatic rivet gun
Angerer I &1l of the above

Question 25: Which Airbus aircraft is a0 dtra-long range 4 engine model?

Anmrer A A300
Anarer B A320
Anarer O A330
Angwer D A340

Figure 1.19d Knowledge




Question 26:

Anawer &
Angwer B
Anmrer O
Anarer D

Question 27:

Anawer &
Anarer B
Angurer .

Written comutdcation in the aitcraft inspection industry moay com e inthe form of!

Workeards, non-toutine cards, atd dletins,

Manufactirer’ s marnals, O3 HA guidelines, and adwsory circulars.
FAR s AD’s, and compatry procedures.

&1l of the above

may lead to lowering of quality and perform ance, loss of titme and money, and frostration.

Whotk design
Imptoper commud cation
Teamwork

Angwer D Lighting

Question 28:

Anawer &
Anarer B
Angurer .
Anmrer D

Question 29:

Anmrer A
Anawer B
Anawer O
Angarer D

Question 30:
oty aty airct aft?

Anmrer A
Anawer B
Anawer O
Angarer D

Becanse of the depth of knowledge and skills required for aviation inspecton and mairdenance
tasks, aheavy emphasisz must be placed upon

Job design
Whotk design
Whorkplace design

Training

Which of the following isHOT considered to be a type of Mo Destructive Inspection (WDT)?

Eddy Cutrent
Diye-Penetr ant
Wisual Inspection
Coin Tap

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

Significant Structural [tem (330
Federal Aviation Reguations (FAR)
Inspection work dock

Discrepancy Bepott

Figure 1.19e Knowledge




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

Question 1:

Answrer &
bAnswer B

Anarer O
Anawrer [

Question 2:

Anmrer A
Anarer B
Anarer O
Angwer [

Question 3:

Anmrer A
Anarer B
Anarer O
Angwer [

Question 4:

Lnzwer A
Anarer B
Anarer O
Anawrer [

Question 5:

Angwrer A
Anmrer B
Anarer O
Anarer D

Question 6:

Angwrer A
Anmrer B
Anarer O
Anarer D

Maintenance on at itetn has been completed, the atea hasbeen cloged, and maintenance has
sighed off onit. Asabuyrback inspector you shoul d:

sigh-off on the inspection.

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

agk another busy-back inspector in the field to sgn-off on it

&1 of the above

The common inspection toolsinclude all of the foll owring except:

flashlight.
ateel scale.

magrifyng Fass.
screw driver,

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

Take one last look for defects.

Sign the work card.

Make sure all toolshawve been picked up.
&11 of the above.

Which of the following tasks relate to the scope of the inspector’ s job:

Providing explanation if the mechanic perfonms an incorrect install ation or repair.
Inspecting the aircraft and not performing the mechanic's worls

Angarering arny questions abowt the Non-FEowtine card.

&11 of the above.

W our actions while itspecting at attcraft can affect which of the foll owring:

¥ ou

¥our fellow employess

The airworthiness of the aireraft
All of the aborre

When attemipting to inspect inside a pootly lighted bag bit:

Do ot be concerned, there 15 probably enough light to see yow way.
Eeep all the doors open so light from the hangar can enter.

Bring m ore fixed lighting equipment inside the bag bin

Just use your flashlight to see.

Figure1.20a Knowledge Test Section |1 : Multiple Choice Test




Question 7:

Anmyer A
Anawer B
Anarer O
Anaer D

Question 8:

Anarer &
Anawer B
Anaarer O
Anmyer D

Question 9:

Anarer &
Anawer B
Angwrer
Anmyer D

Question 10:

Anarer &
Answer B
Anarer O
Anarer D

Question 11:

Anmyer A
Anawer B
Anarer O
Angwer D

Question 12:

Anawer &
Anawer B
Anarer O
Angwer D

Question 13:

Anawer &
Anawer B
Anarer O
Anayer D

Being wery familiar with emergency equipmert in yor area will:

help wou gquickly resolwe an emergency situation.
let wou escape a datgerous atea

prodde a safe place during emer gencies,

&1 of the above

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

Danger to the hangar.
Loss of atool.
Damiage to the aircraft,
Hone of the aboe.

Whichis along-tange 4 engine aireraff?

T37
47
TaTaT
T

Wohich aireraft would be least likely to have alarge romber of defects based on wears in service?

LID-20
L-1011
747
A300

iz the ability to see detail at warious distatce s from the object of regard.

Color vision
Wisnal acuity
Feripheral wision
Conspicuitsy

Factot(d) that make up aninspector’s physical erorit ot et i3 (are):

A ount of 1ighting.

Witk design

At ki et tetn peratir e and Inmi ditsy Lesel.
Both & and C

Experienice can be categorized based on:

Humber of ywears of work
Wariety of work conducted
Both & and B

Hone of the above

Figure 1.20b Knowledge Test Section Il : Multiple Choice Test




Question 14: Criven a fixed tim e period, strateglesto mantain acouracy whentime is limited are:

Afigarer & Add more inspector s

AngwerB. Incorpotate a systematic search strategsy
Anewer C Both & and B

Angwrer I Mone of the above

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

Afigarer & Must have the correct equipment and tools avalable.
AngwerB. Miust hawe accessto the required docum entation atd m atnials.
Anewer C Must be trained onthe proper uge of the ecquipm ent and tools.
Angwrer I A1l of the above

Question 16: Process factors refer to:

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

deing hisfher job.
AngwerB. Ot ganizational recuitem ents by an inspector' s emplosrer,
Anewer C Factorsregarding the com st cation of inform ation.
Angwer D Factors that make up an inspector's physical efvirorm ent.

Question 17: Whete iz the Adreraft L ogbook kept?

Angwer & At the service facility that would use it the most
Angrer B Each setvice facility hasz a copyr

Angarer T With the aircraft both in-flight and during service
Angrer I &t F a8 Headoquarters

Question 18: Whetre does aninspector go to pick wp the work cards for an inspection assigrm ent?

Angwer & The work dock of the inspection supervi sor
Angrer B They are already ot the aireraft

Angwer O The quality assurance department

Angrer I Fa 4 Headguarters

Question 19: Wl ch tsrpe of inspectionw oild be best suited for -aewing the inside of an engine duiring an

enigite check?
At er & Visal
Angwer B Eorescope
Anewer O X-tay
Angwer D Coinn Tap

Figure Figure 1.20c Knowledge Test Section 11 : Multiple Choice Test




Question 20:

Anmrer A
Anarer B
Anarer O
Angwrer D

Question 21:

Answrer A
Lnzwer B

Anarer O
Anarer D

Question 22:

Angwrer A
Anawer B
Anarer O
Anarer D

Question 23:

Anigarer A
Anawer B
Anarer O
Anarer D

Question 24:

Anarer &
Anawrer B
Anarer O
Anarer D

Question 25:

Anarer &
Anarer B
Angurer O
Anawer D

& check to see whether aunit or system petforms within specified limits is called what?

Final Inspection

Functional Check

Ilizsed Item

Reguired Inspection Item (RIT)

Initial inspection

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

Baoth & and B.
Mofie of the above

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

FPersonnel and equipment near the aircr aft.
Taxiing the aircraft to the test area.
Running the engines at te st speeds.

Mone of the above

When attemmpting to access an arcraft for inspection, remember to:

Mot worry abowt how old or wistable a ladder looks, just use it
Find a stable platform to climb and enter the aircraft.

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

Mote of these.

Which aircraft are tri-jets?

L-1011
MD-11
T
&andB

The two types of lighting are;

Stroboscopic and Hack,
Black and white.

Direct and indirect.
Direct and stroboscopic.

Figure 1.20d Knowledge Test Section Il : Multiple Choice Test




Question 26:

Answrer A
bAnswer B,

bAngwer C

Anawer [

Question 27:

Angwrer A
Anorer B
Anarer O
Anarer D

Anarer &
Anawrer B
Anawer O
Anarer D

Anarer &
Anawrer B
Anarer O
Anarer D

Anarer &
Anawrer B
Anarer O
Anarer D

Question 28:

Question 29:

Question 30:

Which statement(s) iaare) trae about masking,

Masking can result in hearing loss,

Masking 15 a condition 1n which one compenent of the sound environment
reduces sensitivity of the ear to another component.

An example of masking is the sound of a rivet gun going off which drowns the

sound of the back up alanm on a truck or cherry picker.
BothEB and C

Teamsin the aircraft inspection and maintenatce etrrironm ent:

Shate comm o goals.
Feguite cooperation atd comur i cation

Hawve more pride in their work.
A11 of the above

O average, how often does a plane come in for a layowver check?

Ewety 4 years

Esersy 12-13 months
E-rery 3 months
Ewery3-5 days

With variation by fleet, on average, how often does a plane come infor a service check?

Ewety 4 years

Hhogt 12-13 months
Ahout every m onth
Ewery night

What document iz used to record defects found during inspection in the hangat?

& otk card

& discrepancy repott (non-routine card)
& significant structural item (23T

The aitcraft loghook

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 1.21). 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

Figure 1.20e Knowledge Test Section |1 : Multiple Choice Test

answers being supplied to incorrect responses (Figure 1.22).
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ASSIST  Factors Alfecting Inspection
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Figure1.22 Sample Question from a Final Test

In the simulation training portion, subjects were provided inspection training on the computer-simulated aircraft inspection task (Figures 1.23 through
1.29). 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 1.30). Following this step the subjects were presented with a series of
photographic images that constituted a portion of the Aft-Cargo bin of an L-1011 aircraft (Figure 1.31). Each photographic image displayed on the
computer screen consisted of a single search area. Subjects could navigate from one area to the next by using the “ navigational —aid” provided in the
software. As each area was displayed, subjects visually searched the area for defects and reported their identification by clicking the mouse on them.
Subjects could use four separate tools —a mirror, flashlight, magnifying glass and paint scraper--to aid them in their search. Upon identification of the
defects, subjects completed a non-routine card similar to the one they would complete during the actual inspection in the hangar (Figure 1.32). Inthe
training mode, subjects were provided with immediate feedback on their performance following the inspection of each search area, including
feedback on missed defects, false alarms (areas incorrectly identified as having defects), the time to complete inspection and the correctly completed
non-routine card (Figure 1.33).
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el ASSIST Simulator - Introduction 3/3

Potential Defects

Defect Name:
Craclcs

Locations:

neat rivets, joints, any area of
stress

Indicators:

chipped pant, near holes, highly
stressed points

{u}

| ftulalila .-Fi
Egiffs | Mest Defect | n ContinLE
Figure1.23 The Crack Defect Simulated in ASSIST

ol ASSIST Simulator - Introduction 3/3 E
Potential Defects

Defect Name:

Cotrosion

Locations:

neat floor, joints, anywhere
motsture collects

Indicators:

fine grey powder,
bubblingbulong, paint chipping,
datk streaks around nvets

Previous 2/7
Defect

Figure 1.24 The Corrosion Defect Simulated in ASSI ST
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Potential Defects

Defect Name:
Damaged nvets

Locations:
any rivets m structure

Indicators:

datk hole appears where
hatdware should be

Previouz
Defect
Figure1.25 The Damaged Rivet Defect Simulated in ASSIST

o ASSIST Simulator - Introduction 3/3 | x|

Potential Defects

Defect Name:
Damaged condutts

Locations:

any condut under floors or m
walls

Indicators:

conduit misshapen or bent

Previous
Defect

Figure1.26 The Damaged Conduit Defect Simulated in ASSI ST
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Potential Defects

Defect Name:

Delaminated Terrastrap

Locations:

aty terrastrap

Indicators:

metal terrastrap appears to pull
away ftrom arcraft body

Frexvious
Defect
Figure 1.27 The Delaminated Terrastrap Defect Simulated in ASSIST
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Potential Defects

Defect Name:
Dent

Locations:
any metallic surface

Indicators:

datle scratch or dent

Previous
Defect

Figure 1.28 The Dent Defect Simulated in ASSIST
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Potential Defects

Defect Name:

Loose Hardware

Locations:

brackets, screws, and any other
hardware

Indicators:

space between hardware and

[ext Defect |

Figure 1.29 The L oose Hardwar e Defect Simulated in ASSI ST
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WorCenter: | TigerAir Task Card | CugNurber
5/3./00 Aircraft: L1011 Rev B 03-13-33

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

Mec: | Inzp:

Zone 164, Perform a detailed wisual Work Card

inspection of aft cargo compattment,
atea 03 under floor including all
cotmponents and systems.

Pay patticular attention to the fuselage
fail-safe straps for any evidence of
delamination, corrosion, lifting or
blistering of straps, or splitting of seal.

FPay patrticular attention to aty signs of
cotrosiot, such as blistering paint.

Inzpect for any evidence of datmage
such as bent or broken components,
sheared or missing fasteners, or cracks
at stress poitits.

Figure 1.30 Work Card Used to for the Simulation in ASSIST



L ASSIST Inzpection Simulator E3

e
Toolbox
+
‘. Fuart +
Aft * Fare Area Work Card Exit
Starb. Finizhed Complete Hl
Station 1725,
Stringer 35

Figure1.31 Simulation Module Containing a Picture of the Aft-Cargo Bin

ele, ASSIST loecpe:zliners Simmlalm

~
-

TimiBunx

'S
| Dot S

&F: F
| For Arca Work Cord
Zhara Firdthed Complete

Slal i 1740,
Sirrger 17

Figure 1.32 Non-routine card used to Write-up Defects Found in the Simulator
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=a galy Detzclez Araa O Corracthy Idatif ed Detact
-zpechion” = 1.1

i,

= lahan 15,

Shorgen 40

Figure 1.33 Feedback Provided in the Simulation Module

D vigsaz Defacs

Mrazs Irspaciad

ST

-

Simulation Setup HS‘S"ST
First Name:l‘J ohin Last Marme: ISmlth—

[:5Jamie's DownloadzhCLASSISTAD atabazehSimhdcgobin, mdb

% Instructor's Module

Student Setup

ID:|1234

Scenarnio Path and Filename

—WorkCard Setup — Defect Setup ~ Initial Setup
wiokCard [1011-120 P’Dbfﬁt'wy;efr;ggf”jfé 5 g
Mumber: : Start =
HITBEt (0.0-1.0]
— Probability af Low
WwhorkCard . 1B
e Aft Cargo Bin - Und Diefect Image: Stat'e: [1
[0.0-1.0]
WworkCard  |L-1011 Probability of Medium 15
Aircraft Tope: Defect Image: Randorm | 7
[0.0-1.0) MHumber Seed:
wiorkCard | aftchin it Probabiity of High [q74
Text: Defect Image: |
[0.0-1.0]
— | ~Task Set
workCard inspection of At Ca ask selip Pacing Time:
Title: [T Feedback [~ Paced = I
M ain . Run
Menu el Setup

Figure 1.34 Simulator Setup Utility Shown for Unpaced Scenario




After completing the training, subjects in the training group and those in the control group performed the criterion inspection tasks: a visual
inspection of 32 distinct search areas constituting one distinct and logical portion of the Aft-Cargo bin of an L-1011 wherein subjects searched for
seven different types of defects. The probability, location and defect mix were all pre-specified using the parameter file. Initialy, 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 1.34 through 1.35). 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, subjectsin
both the groups completed the same Sections | and |1 of the knowledge test. Then, to test whether computer-based training transferred to performance
onthejob, al subjects completed a hangar floor test (Figure 1.36) wherein they were tasked to conduct a detailed inspection of the cargo
compartment door (Figures 1.37 and 1.38). After completing this final test, the subjects were debriefed and thanked for their participation.

& Instructor's Module

Simulation Setup

ASSIST

1234

|0

|' Student Setup

Firzt Name:l‘J chin

Lazt Mame: IS'TIith

Scenarnio Path and Filename

O amie's DownloadshCUASSISTAD atabasesSimhAegobin, rmdb

—WorkCard Setup — Defect Setup — Initial Setup
Probability of an lmage [ 5
Wﬂtﬁﬁg_ LA with Zero Defects:| Stats: | 8
' (0.0-1.0) '
- Probability of Lows
"whark Card ; b4 16
e Aft Cargo Bin - Und Defect Image: Stat [
[0.0-1.0]
WiotkCard {1011 Prabability of Medium [ 15
Aircraft Tope: Defect Image: Randorm | 7
[00-1.00 MHumber Seed:
WwiorkCard | aftchin, i Probability of High [17
Texk: Defect Image: |
[0.0-1.0]
— | ~Task Set
WokCard [Inspection of ARt Ca ask selip Pacing Time:
Title: [ Feedback ¥ Paced il I
M ain . Run
Menu £l | Setup

Figure 1.35 Simulator Setup Utility Shown for Paced Scenario
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Hangar Floor Test

Scoring:

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

1. %What are the major steps in initial inspection from begimning to end?
2. Task: Ask the inspector to follow the procedures from time of ass grument by foreman.
Tagk: Bearch for defects on the doot and have inspector fill ot non-routine work cards,
s  Didyoafollow apattern when visually inspecting? Describe the pattern.
o (for defectslocated) (for defectslocated) Did youlook in certain areas for cettain defects, if so why?

3. Presents improperly worded non-routines card and have the inspector find the errors. [BEE NON-ROTUTINE
CARD]

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

5. What are three steps in buy-hack inspection?

Figure 1.36 Hangar Floor Test

ANY.QATE PPN,
B-367 FRODUCTION COUNT 10-09-28 57116
TRETAY |  EUE EPYVHOR
OHCFF TOTALS DETAILED INSPECTION OF CARGO COMPARTMENT DOORS F_rqsp@:'?-
1. Inspect FWLL. Carge Donr.
2. Inspect AFT. Cargo Door.
3. Inspect Bulk Cargo Door.
[y L L T e o |y - T —
BH 5 =X CARE NG, B JACH]| AREA
24241 ST116 L5 ] I 2 1-[ -0
I 11 11 11 i1 11 11
E.OATE 'SP ND.
B-767 OB DEFCRIFTION 10-09-98 57116
[ - [
P et DETAILED INSPFECTION OF CARGO COMPARTMENT DOORS [NSPECT

1. Inspect FWD. Cargo Door.
2. Inspect AFT, Cargo Doar,
3. Inspect Bulk Cargo Door.

ot 0 [

P FESR H— Y HYD gL -~

242011 57116 e 11 1 7401




PH PECe M— " HYB— L 1 eea—
ENILL AREA

1 B
24201 57116 | 52-00-00 11 1 74
11 il 1

N | 1| T
OPN, ID: 100193541

E-T6T OPH. NO. 57116 EEYWORD: INSFECT

1.  Inspect FWD. Cargo Door as foliows:
Inspecl Door Stopa end visible adjacant cut-aut structure within aircnaft contour,

A
{1} Pay particular attantion to Door Sills and Frama Ghords. (Ref. MPD 5302-100-07E)

{Ref. Figure 2)

Inspect AFT. Camgo Door as follows:
Inspecl Deor Stops and visible adjecant cut-out siructure within eircraft contaur.

2.
A,
(1} Pay parficular attenticn to Door Sills and Frama Chards. (Ref, MPD 5302-100-07E)

(Ref. Figura 1)

3. Inspect Bulk Cargo Door as follows:
Inspeci Door Stops and vielole adjecant cut-out structure within alrcratft contour.

A,
[1y Pay particular attertion to Boor Sills and Frame Cherds (Ref. MPD $302-100-07E)

(Ref. Figre 2
Figure 1.37 Hangar Floor Test: Workcard

2 iI"
iTL U

AFT CARGO DOOUR CUTOUT (TYPICAL 2 PLACES)

Figure 1.38 Hangar Floor Test : Workcard

Data Collection

Data was collected on the following measures:

Knowledge Tests (Sections | and 11): number of correct responses.
Criterion Inspection task: Inspection time, misses, false alarms, percentage of defects correctly detected, non-routine card entries.

» Hangar Floor Test: performance test focused on inspection conducted in the hangar floor.
1.6 USABILITY and Performance Analyses |



1.6.1 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 1.39 and 1.40). 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 1] 7
Wery Strongly Heutral Wery Strongly
Dhisagree boree

2. The information presented 15 extremely relevant to my job as an inspector.

1 2 3 4 5 (i} 7
Wery Stronglsy Henfral WeryStrongly
Dhsagree baree

3. The subjects were well covered

1 2 3 4 5 G 7
Wery Strongly Heutral Wery Strongly
Dhisagree boree

4. The inform ation presented was under standathle.

1 2 3 4 5 (i} 7
Very Strongly Heutral Wery Strongly
[Chsagree bgree
Presentation

1. Thelanguage used by the speaker was understandable.

1 2 3 4 5 G 7
Wery Strongly Heutral Wery Strongly
Dhisagree boree

2. The screens were understandable.

1 2 3 4 5 i} 7
Wery Stronglsy Henfral WVeryrstrongly
Cisagree Azree

3. The informati on preserted flowed smoothly.

1 2 3 4 5 [i] 7

Wery Strongly Heutral Wery Strongly

Dhisagree

boree

Figure 1.39a Usability Questionnaire-ASSIST: General Module
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4. The presentation was interesting.

1 2 3 4 5 6

7

Very Strongly Heutral
[Chsagree

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

Wery Strongly
bgree

1 2 3 4 5 1] 7
Wery Strongly Heutral Wery Strongly
Dhisagree boree
A,  [twas easy to navigate through the m odules,

1 2 3 4 5 (i} 7
Wery Stronglsy Henfral WeryStrongly
Chsagree baree
Usefulness

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

“Eole of Inspection”™ Sub-module

1 2 3 4 5 fi 7
Wery Stronglsy Henfral WeryStrongly
Cisagree Azree
“Safety” Sub-module
1 2 3 4 5 i 7
Wery Stronglsy Henfral WeryStrongly
Dhisagree boree
“Aircraft Eeview™ Sub-module
1 2 3 4 5 i 7
Wery Strongly Heutral Wery 5 trongly
Dhisagree boree
“Factors Affecting Inspection” Sub-medule
1 2 3 4 5 1] 7
Wery Strongly Heutral Wery Strongly
Dhisagree boree
“Inspection Procedure” Sub-module
1 2 3 4 5 ] 7
Very Strongly Heutral Wery Strongly
[Chsagree bgree

Figure 1.39b Usability Questionnaire-ASS|ST: General Module




1. The short questions presented during the final test were helpfid in reinforcing what you learned.

1 2 3 4 5 i} i
Wery Stronglsy Henfral WeryStrongly
Dhsagree baree

2. The information provided by the general module wall help me in my job on the hangar floor,

1 2 3 4 5 i} 7
Very Strongly Heutral Wery Strongly
[Chsagree bgree

3. Theinformation provided should be part of atey inspection taining

1 2 3 4 5 i} 7
Wery Stronglsy Henfral WeryStrongly
[hsagree baree

4. Inaddition toyour OTT and clagstoom traning, all inspectors showdd be trained on the generd module.

1 2 3 4 5 1] i
Wery Strongly Heutral Wery Strongly
Dhisagree boree

5. The information is weeful for anyone aspiring to be an inspector.

1 2 3 4 5 i} 7
Very Strongly Heutral Wery Strongly
[hsagree bgree
Format

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

1 2 3 4 5 G 7
Wery Strongly Heutral Wery Strongly
Dhisagree boree

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

1 2 3 4 5 i} 7
WYery Strongly Heutral Wery Strongly
[hsagree bgree

Figure 1.39c Usability Questionnaire -ASSIST: General Module




1. The titn e for the compuater to process information did not frustrate you.

1 2 3 4 5 fi 7
Wery Stronglsy Henfral WeryStrongly
Dhisagree boree

2. Youwete satisfied with the interaction with the computer.

1 2 3 4 5 i} 7
Wery Strongly Heutral Wery Strongly
Dhisagree boree

3. The tutorial was effective in providing instruction

1 2 3 4 5 i} 7
Wery Stronglsy Henfral WeryStrongly
Dhsagree baree

4. The colors used were pleasing.

1 2 3 4 5 i} 7
Very Strongly Heutral Wery Strongly
[Chsagree bgree

Figure 1.39d Usability Questionnaire-ASSIST: General Module




ASKSIST: SIMULATION INSPECTION MODULE
Content

1. The am ount of information presented was adequate.

1 2 3 4 =) i} 7
Wery S tronglsy Meutral Very 5 trongly
Disagree Ligree

2. The subjects were thoroughly covered.

1 2 3 4 5 i} 7
Wery Strongly Meutral Very 5 trongly
Disagree Ligree

3. The information presented was understandable.

1 2 3 4 5 i} 7
Wery S tronglsy Meutral Very 5 trongly
Disagree Lgree
Presentation

1. Thelanguage used by the speaker was understandahle.

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

2. The screens were understandable.

1 2 3 4 5 (i} 7
Wery S tronglsy Meutral Very 5 trongly
Disagree Lgree

3. Theinformation presented flowed smoothly.

1 2 3 4 5 G 7
Wery Strongly Meutral Very Strongly
Dizagree Loree

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

1 2 3 4 5 (i} 7
Wery S tronglsy Meutral Very 5 trongly
Disagree Ligree

Figure 1.40a Usability Questionnaire- ASSIST: Simulation Module




5. Ttwas easy to navigate through the screens.

1 2 3 4 5 fi 7
Wery S tronglsy Meutral Very 5 trongly
Disagree Lgree
Usefulness

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

1 2 3 4 =) i} 7
Wery S tronglsy Meutral Very 5 trongly
Disagree Ligree

2. The inspection tocls (scraping knife, magnifying glass, mirror, and flashlight) used dunng
the “Testing” sub-module was realistic and helpful in lockaing for defects.

1 2 3 4 5 (i} 7
Yery Strongly Meutral Very Strongly
Disagree Ligree

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

1 2 3 4 5 G 7
Wery Strongly Meutral Very Strongly
Dizagree Loree

4. The feedhack provided at the end-of-sessionwras useful.

1 2 3 4 5 (i} 7
Wery Strongly Meutral Very 5 trongly
Dizagree Loree

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

1 2 3 4 5 1] 7
Wery Strongly Meutral Very S trongly
Dizagree Loree

A.  Thiscomputer program will make a good component of yow overall taining

1 2 3 4 5 (i} 7
Yery Strongly Meutral Very 5trongly
Disagree Ligree

Figure 1.40b Usability Questionnaire - ASSIST: Simulation Module




3. Theinformation provided by the Simulation module will help me in my job on the hangar

floor.
1 2 3 4 5 G 7
Wery Strongly Meutral Very S trongly
Dizagree Loree

4. Theinformation provded showld be part of anyinspection training

1 2 3 4 5 (i} 7
Wery S tronglsy Meutral Very 5 trongly
Disagree Lgree

5. Inaddition to yow OTT and classtoom training all inspectors should be trained on the simulation modude,

1 2 3 4 5 5] 7
Wery Strongly Meutral Very Strongly
Dizagree Loree

A.  The information is useful for atsrone aspiring to be an inspector.

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

7. Thistraining would be useful for periodic re-training of inspectors.

1 2 3 4 5 i} 7
Wery S tronglsy Meutral Very 5 trongly
Disagree Lgree

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

1 2 3 4 5 5] 7
Wery Strongly Meutral Very Strongly
Dizagree Loree
Format

1. The colotsused on the screen did not distract from the task or cause eye discomfort.

1 2 3 4 5 (i} 7
Wery Strongly Meutral Very 5 trongly
Disagree Aotee

Figure 1.40c Usability Questionnaire- ASSIST: Simulation Module




2. The buttons on the screen were easy to understatd

1

2 3 4 5 i} 7

Yery Strongly
Disagree

Meutral Very Strongly

Lgree

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

1 2 3 4 5 fi 7
Wery S tronglsy Meutral Very 5 trongly
Disagree Lgree
4. Vouwere satisfied with the interacti on with the compater.

1 2 3 4 5 i 7
Wery Strongly Meutral Very Strongly
Dizagree Loree
5. The tutorial was effective in provding instriction

1 2 3 4 5 ] 7
Yery Strongly Meutral Very Strongly
Disagree Lgree
6. The picture quality used for the aircraft was realistic.

1 2 3 4 5 i 7
Wery Strongly Meutral Very Strongly
Dizagree Loree
7. The picture quality of the defects was realistic,

1 2 3 4 5 i 7
Wery S tronglsy Mentral Very 5 trongly
Dizagree Loree

Figure 1.40d Usability Questionnaire- ASSIST: Simulation Module

Table 1.4 Results from the Usability Questionnaire

Category 7 Point Scale Mean Scores (S.D.) Wicoxon
Test
1 7 General Simulation
Module Module
Content | Very Strongly fvery Strongly | g e g g5) | 597 (1.91) | p<0.05
Agree Disagree




Very Strongly

Very Strongly

Agree

Disagree

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

Usefulness | Very Strongly [very Strongly |5 /7 1 50y | 4813.07) | p<0.05
Agree Disagree

Format Very Strongly |Very Strongly | 5 559 45y | 514(2.39) | p<0.05

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

k.
k-1
Alpha=

where

&
[

>

k = the number of questions combined,

V1t = the variance of the participants' total scores, and

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

question.

Table 1.5 Cronbach's Alpha Coefficient: General Module

Category Varg Vary k Alpha
Content 9.54 32.26 4 0.94
Presentation 5.48 17.35 6 0.82
Usefulness 12.27 61.76 10 0.89
Format 9.08 21.09 6 0.68
Responses for Usability

Table 1.6 Cronbach's Alpha Coefficient: Simulation Module

Category Varg Varg 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
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Figure 1.41 Results on Four Dimensions of the Simulation Module 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 a pha 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 1.41) on al the four dimensions investigated (Tables 1.7 and 1.8).

Table 1.7 Usability Analysis: General Module

Category Question Likert Scale Compared Mean |(S.D.) Wilcoxon test
Mean
1 7
Content |1. The amount of information Very Very 4 5.45{(2.11) (p<0.05)
presented was adequate. Strongly | Strongly

Disagree | Agree

2. The information presented is Very Very 4 5.48|(1.97) (p<0.05)
extremely relevant to my job as | Strongly | Strongly
an inspector. Disagree Agree
3. The subjects were well Very Very 4 5.76{(1.98) (p<0.05)
covered. Strongly | Strongly
Disagree | Agree
4. The information presented Very Very 4 5.93}(1.50) (p<0.05)
was understandable. Strongly | Strongly
Disagree | Agree
Presentation |5. The language used by the Very Very 4 6.02}(0.82) (p<0.05)
speaker was understandable. Strongly | Strongly
Disagree | Agree
6. The screens were Very Very 4 5.79/(0.88) (p<0.05)
understandable. Strongly | Strongly
Disagree Agree
7. The information presented Very Very 4 5.66{(1.31) (p<0.05)
flowed smoothly. Strongly | Strongly
Disagree Agree
8. The presentation was Very Very 4 5.59((1.61) (p<0.05)
interesting. Strongly | Strongly
Disagree Agree
9. The narration in the modules Very Very 4 5.41}(1.18) (p<0.05)
helped in understanding the Strongly | Strongly
material. Disagree Agree
10. It was easy to navigate Very Very 4 5.86{(1.12) (p<0.05)
through the modules. Strongly | Strongly

Disagree Agree
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Usefulness |11. The knowledge gained from Very Very 4 5.41}(0.75) (p<0.05)
each of the following sub- Strongly | Strongly
modules was useful:“Role of Disagree | Agree
Inspection” Sub-module
12. The knowledge gained from Very Very 4 5.33}(1.03) (p<0.05)
each of the following sub- Strongly | Strongly
modules was useful:“ Safety” Disagree Agree
Sub-module
13. The knowledge gained from Very Very 4 4.88)(1.24) (p<0.05)
each of the following sub- Strongly | Strongly
modules was useful:“Aircraft Disagree | Agree
Review” Sub-module
14. The knowledge gained from Very Very 4 5.47{(1.06) (p<0.05)
each of the following sub- Strongly | Strongly
modules was useful:“Factors Disagree | Agree
Affecting Inspection” Sub-
module
15. The knowledge gained from Very Very 4 5.40((1.48) (p<0.05)
each of the following sub- Strongly | Strongly
modules was useful:“Inspection | Disagree Agree
Procedure” Sub-module
Usefulness |16. The short questions Very Very 4 5.68|(1.22) (p<0.05)
presented during the final test Strongly | Strongly
were helpful in reinforcing what | Disagree | Agree
you learned.
17. The information provided by Very Very 4 5.31|(2.36) (p<0.05)
the general module will help me | Strongly | Strongly
in my job on the hanger floor. Disagree | Agree
18. The information provided Very Very 4 5.90{(1.95) (p<0.05)
should be part of any inspection | Strongly | Strongly
training. Disagree | Agree
19. In addition to your OTJ and Very Very 4 5.55{(2.18) (p<0.05)
classroom training, all Strongly | Strongly
inspectors should be trained on | Disagree | Agree
the general module.
20. The information is useful for Very Very 4 5.75{(1.76) (p<0.05)
anyone aspiring to be an Strongly | Strongly
inspector. Disagree | Agree
Format 21. The colors used on the Very Very 4 5.41|(2.54) (p<0.05)
screen did not distract from the | Strongly |Strongly
task or cause eye discomfort. Disagree | Agree
22. The buttons on the screen Very Very 4 5.76{(0.76) (p<0.05)
were easy to understand. Strongly | Strongly
Disagree | Agree
23. The time for the computer to Very Very 4 5.69{(0.86) (p<0.05)
process information did not Strongly | Strongly
frustrate you. Disagree | Agree
24. You were satisfied with the Very Very 4 5.61|(0.74) (p<0.05)
interaction with the computer. | Strongly | Strongly
Disagree | Agree
25. The tutorial was effective in Very Very 4 5.62|(1.82) (p<0.05)
providing instruction. Strongly | Strongly
Disagree | Agree
26. The colors used were Very Very 4 5.24{(2.05) (p<0.05)
pleasing. Strongly | Strongly
Disagree | Agree
Table 1.8 Usability Analysis: Simulation
Module
Category Question Likert Scale Compared Mean|(S.D.) Wilcoxon test
Mean
1 7
Content ]1. The amount of information Very Very 4 5.31}(1.95) (p<0.05)
presented was adequate. Strongly | Strongly
Disagree Agree




2. The subjects were thoroughly Very Very 4 5.08}(1.97) (p<0.05)
covered. Strongly | Strongly
Disagree Agree

3. The information presented Very Very 4 5.46[(1.03) (p<0.05)
was understandable. Strongly | Strongly
Disagree Agree
Presentation |1. The language used by the Very Very 4 5.71}(2.33) (p<0.05)
speaker was understandable. Strongly | Strongly
Disagree Agree
2. The screens were Very Very 4 5.08}(0.93) (p<0.05)
understandable. Strongly | Strongly
Disagree Agree
3. The information presented Very Very 4 5.41}(1.01) (p<0.05)
flowed smoothly. Strongly | Strongly
Disagree Agree
4. The narration in the modules Very Very 4 5.31}(1.13) (p<0.05)
helped in understanding the Strongly | Strongly
material. Disagree Agree
5. It was easy to navigate Very Very 4 5.77(2.23) (p<0.05)
through the screens. Strongly | Strongly
Disagree Agree
Usefulness |1. The knowledge gained from Very Very 4 5.13{(3.70) (p<0.05)
the “Introduction” sub-module Strongly | Strongly
was useful. Disagree Agree
2. The inspection tools Very Very 4 4.69((2.42) (p<0.05)
(scraping knife, magnifying Strongly | Strongly
glass, mirror, and flashlight) Disagree Agree

used during the “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

1.6.2 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 ANOV As are shown in Tables
1.9 through 1.22. Analyses of variance showed training was significant for the following performance measures. percentage correctly detected (Figure 1.43),
number of false alarms (Figure 1.44), misses (Figure 1.45), total score on non-routine cards (Figure 1.46). Although, the effect of training for the post training
trail for the knowledge test (sections | and I1) was not statistically significant, looking at Figure 1.47, it can be seen that the training group reported higher scores
on the post training trail for the knowledge test on both sections | and 1. 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 reveal any
significant differences between groups for the hangar-floor test (Figure 1.48).
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Table 1.9 Performance Measures Table

Group Inspector Inspection time Per centage correctly Number of false Number of misses | Total scoreon non-
Number (min) detected alarms routinework cards
Unpaced Paced Unpaced Paced Unpaced Paced | Unpaced | Paced Unpaced Paced
S1 26.60 27.02 45 40 13 40 11 12 7.50 6.50
Trained
Group
2 33.23 16.45 45 45 6 2 11 11 9.00 9.00
S3 49.67 32.73 60 60 35 32 8 8 11.00 11.00
A 57.38 13.50 60 65 29 27 8 7 11.50 11.50
S5 38.98 39.22 45 65 23 73 11 7 9.00 11.00
S6 35.50 30.70 60 70 30 43 8 6 12.00 12.50
S7 57.83 35.70 50 55 36 46 10 9 9.00 9.50
8 37.73 29.75 50 55 35 42 10 9 10.50 11.00
9 39.52 30.28 50 70 29 39 10 6 9.50 14.00
Mean 41.83 28.37 51.67 58.33 26.22 38.22 10.00 8.00 9.89 10.67
Std. Dev. 10.81 8.41 6.61 10.61 10.45 18.67 1.32 212 1.45 215
Control S10 48.35 46.50 30 60 15 34 14 8 4.50 10.50
Group
S11 40.50 29.17 20 45 14 22 16 11 4.00 8.00
S12 69.37 33.70 35 40 24 12 13 12 7.00 7.00
S13 9.30 6.27 15 15 13 29 17 17 3.00 3.00
S14 18.12 11.29 15 20 7 11 17 16 250 3.50
S15 21.58 19.24 35 35 2 5 13 13 7.00 6.50
S16 63.49 40.28 45 70 12 6 11 6 9.00 13.50
S17 55.46 31.52 40 50 20 20 12 10 7.00 10.00
S18 63.14 30.47 30 65 27 32 14 7 5.50 13.00
Mean 43.26 27.60 29.44 44.44 14.89 19.00 14.00 11.00 5.50 8.33
Std. Dev. 22.14 13.09 10.74 19.11 7.88 11.08 214 3.82 217 3.76
Score on non-routine work cards
20
Score=2 S Si=0,051
i=1 0 = Incorrect
0.5 = Partialy correct
i = Number of questions 1= Correct

Table 1.10 Inspection Time




Source df SS MS F
Group 1 .98 .98 0.001
Pacing 1 1906.20 1906.20 20.56*
Group * Pacing 1 10.87 10.87 0.12
*p<0.05
Table 1.11 Percentage Correctly Detected
Source df SS MS F
Group 1 2934.03 2934.03 11.61"
Pacing 1 1056.25 1056.25 16.10¢
Group * Pacing 1 156.25 156.25 2.38
*p<0.05
Table 1.12 Number of False Alarms
Source df SS MS F
Group 1 2100.69 2100.69 9.41*
Pacing 1 584.03 584.03 5.95
Group * Pacing 1 140.03 140.03 1.43
*p<0.05
Table 1.13 Number of Misses
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 Training After Training
Trained T1 55 59
Group Ipp 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. 46.22 (11.24) 50.00 (12.20)
Dev.)
Control C1 41 43
Group c2 43 47
C3 41 39
C4 33 35
C5 51 33
C6 57 57
C7 39 49
C8 35 53
C9 33 37
Mean (Std. 41.44 (8.11) 43.67(8.37)
Dev.)

Table 1.16 Knowledge Test Section | : Short Q & A (analysis)

Source df SS MS F
Group 1 277.77 277.77 1.61
Condition 1 81.00 81.00 2.42
Group * Condition 1 5.444 5.44 0.16
*p<0.05
Table 1.17 Knowledge Test Section Il : Scores Obtained
from set of 30 Questions
Subject Before Training Af_te_r
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
G
roup c2 28 30




C3 25 25
C4 25 26
C5 26 25
C6 24 28
Cc7 27 27
C8 28 23
C9 25 28
Mean (Std. Dev.) 26.11 (1.45) |26.67 (2.12)

Table 1.18 Knowledge Test Section Il : Multiple Choice (analysis)

Source df SS MS F
Group 1 26.69 26.69 9.59*
Condition 1 4.69 4.69 217
Group * Condition 1 0.25 0.25 0.12

*p<0.05

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

In ion
sowce | Tme” | Coray | [MT0Z ) e S
Group 0.00 11.61* 9.41* 11.61* 10.11*
Pacing 20.56* 16.10* 5.95* 16.10* 10.78*
Group * Pacing 0.12 2.38 143 2.38 3.49
*p<0.05

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

Source Short Mu.ltiple

Q& A |Choicetest
Group 161 9.59*
Trial 242 2.17
Group * Tria 0.16 0.12
*p<0.05

Table 1.21 Mean scores of Hangar Floor Test

Subject After Training

Trained T1 25
Group T2 21
T3 21

T4 19

T5 23

T6 23

T7 21

T8 21
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T9 21
Mean (Std. 21.67 (1.73)
Dev.)
Control C1 23
Group c2 23
C3 23
C4 23
C5 19
C6 17
C7 19
C8 14
C9 23
Mean (Std. 20.44 (3.36)
Dev.)
Table 1.22 Hangar Floor Test (analysis)
Source df ss MS F
Group 1 6.72 6.72 0.94
*p<0.05

Figure 1.43 Performance Measure: Percentage of Correctly Detected Defects

Figure 1.44 Performance Measure: Number of False Alarms

Figure 1.45 Performance Measure: Number of Misses

Figure 1.46 Performance Measure: Total Scoreon Non-routine Work Card



Figure 1.47 Performance Measure: Knowledge Based Test — Section 1 and Section 2

Hangar Floor Test

B0

50

Score

30
Trained Graoup Control Group

Figure 1.48 Hangar Floor Test

The results are unequivocal asto 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 methodol ogy 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 missesfor the
training group compared with that for the control group. The training group detected a significantly greater number of defects and missed fewer. This
has implications for on the job performance where detection of defects and having alow number of misses are critical to improving inspection
performance and ultimately aviation safety.
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Moreover, inspectors assigned to the training group a so 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.” Theinformation 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 inspectorsin 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 all subjects spending extratime reviewing material on their own, thus
explaining the lack in sensitivity to inspection training.

1.7 CONCLUSIONS ‘

In summary, the results have demonstrated the benefits of awell-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 asignificantly higher percentage detected, fewer misses and more correct write-ups for non-routine cards.

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

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

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

5. Adaptability: ASSIST can be modified to meet the needs of individual inspectors. Batch files of images can be created to train inspectors on

particular aspects of the inspection task with which they have the greatest difficulty. Thus, the program can be tailored to accommodate individual
differencesin inspection abilities.

6. Efficiency: Sincethe training will be more intensive, the trainees will be able to become more skilled in a shorter period of time.

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

8. Certification: ASSIST can be used as part of the certification process. Since the record keeping process can be automated, instructors can more
easily monitor and track an individua’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
mai ntenance technicians could gain exposure to defects on wide-bodied aircraft that they might not have otherwise.

The results obtained from these studies have obvious future implications. The following specific extensions are envisioned by the authors and will be
addressed as part of Y ear 2 activities.

1.7.1 Retraining

The results of this research have clearly demonstrated that computer-based training can play arolein aircraft inspection training. However, we still
do not know how often this training should be conducted. Unless we answer this question it will be difficult to sustain a high-level of performance
over time. An inspector could be looked upon as an inspection device that needs to be re-calibrated at regular intervals to ensure that it is operating
correctly. Hence it isimportant that we identify the frequency and intensity of the retraining effort.

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

Resource and Organizational Support: If aircraft maintenance organizations are to implement computer based inspection training and develop an
overall training strategy that integrates CBT with existing alternate delivery systems, both classroom and OJT, it is clear that we must provide them
with guidance on how to embark upon such an effort including the identification of resources--human, material, and equipment--and steps to
implement successfully an overall training program. Only then can maintenance organizations use the results of this research to improve performance
of inspectors and reduce errors.
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