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EXECUTIVE SUMMARY

Inspection and maintenance errors that occur in aircraft maintenance systems have a formidable
impact on the safety and reliability of air transportation. Evaluation of the aircraft maintenance
system requires an analysis of the maintenance processes in use. Significant efforts have been
made to investigate and track inspection and maintenance errors. Although valuable in terms of
their contributions to the identification of the performance-shaping factors that lead to
maintenance errors, these efforts have not emphasized analyzing the information gathered. The
systematic evaluation of data collected on the aviation maintenance process can provide
management with feedback on the performance of the airline and consequently provide support
of the decision-making process prior to the dispatch of the aircraft. Recognizing that
surveillance, auditing and airworthiness directives form a significant portion of the quality
assurance function of an airline, it is critical that data be collected on these processes. This
research involves the development of a Web-based Surveillance and Auditing Tool (WebSAT), a
system that analyzes aircraft maintenance data. Given that there are no systems available in the
industry which assist in evaluation of aircraft maintenance data using standardized procedures,
four different web-applications were designed and developed to achieve effective and efficient
information management of aircraft maintenance operations and understand trends in the errors
captured through these operations. It is anticipated that using these systems will systematize and
standardize the data collection, reduction and analysis of aircraft maintenance data in the aviation
industry.

Specifically, this report, describes the results of this research pursued over three years, with
industry partner airline at Memphis, Tennessee which achieved the following objectives: (1)
identify an exhaustive list of impact variables that affect aviation safety and transcend various
aircraft maintenance organizations; (2) develop data collection/reduction and analysis protocols
to analyze errors for the identified set of impact variables; and (3) using the results of the
aforementioned activity, develop and implement a web-based application which ensures
oversight of aircraft maintenance operations.



1.

I1.1.

INTRODUCTION

BACKGROUND AND NEED FOR RESEARCH

The mission of the Federal Aviation Administration (FAA) is to provide safe and
reliable air transportation. It is important to have a sound aircraft inspection and
maintenance system (FAA, 1991). This system is a complex one (FAA, 1991) with many
interrelated human and machine components. Its linchpin, however, is the human.
Recognizing this fact, the FAA, under the auspices of the National Plan for Aviation Human
Factors, has pursued human factors research (FAA 1991, 1993) to fulfill the mission of the
FAA’s Flight Standard Service of promoting “safety of flight of civil aircraft in air
commerce by setting certification standards, for air carriers, commercial operators, air
agencies and airmen; and by directing, managing and executing certification, inspection and
surveillance activities to assure adequacy of flight procedures, operating methods, airman
qualifications and proficiency, aircraft maintenance and maintenance aspects of continued
airworthiness programs.” Given this goal, surveillance of maintenance activity contributes
an important function in maintaining and improving aviation safety. One arena where this
surveillance activity can have tremendous impact is the implementation of a system that can
be used by operators prior to delivery of aircraft to customers to reduce maintenance errors.

A study conducted by Boeing and US ATA (1995) found that maintenance error was
a crucial factor in aircraft accidents from 1982 to 1991, contributing to 15% of the
commercial hull loss accidents where five or more people were killed. Rankin et al. (2000)
documented the most critical causes of those accidents:

* 23% involved incorrect removal or installation of components

e 28% involved a manufacturer or vendor maintenance/inspection error
® 49% involved error due to an airline’s maintenance policy

®  49% involved poor design leading to maintenance errors

In addition, Rankin and Allen (1995) established the economic costs of these
maintenance errors, estimating that 20 to 30% of in-flight shutdowns are due to maintenance
error costing $ 500,000/shut down, 50% of the flight delays are due to engine problems
caused by maintenance errors costing $ 10,000/hour of delay and 50% of flight cancellations
are due to engine problems caused by maintenance errors costing an average of $
50,000/cancellation. The message is clear: we need a proactive system, which will help track
maintenance errors, identifying both potential problem areas and the factors causing those
errors. If such a system is developed, we will be in a position to manage maintenance errors,
resulting in an aircraft maintenance system that is more safe and robust. To understand the
need to develop such a system, the entire aircraft inspection and maintenance system needs
to be understood.

The complexity of the inspection/maintenance system is further complicated by a
variety of geographically dispersed entities ranging from large international carriers and
repair and maintenance facilities, through regional and commuter airlines to the fixed-based
operators associated with general aviation (refer to Figure 1). Inspection is regulated by the



FAA, as is maintenance. However, while the adherence to inspection procedures and
protocols are closely monitored, evaluating the efficacy of these procedures is much more
difficult.

When an aircraft is brought into service, a process called MSG (Maintenance Service
Group) is used to determine how each component failure is to be corrected to maintain a
high level of safety. Aircraft for commercial use have their maintenance scheduled initially
by a team that includes the FAA, aircraft manufacturers and start-up operators. These
schedules are then taken by the carrier and modified so that they suit individual
requirements and meet legal approval. Thus, within the carrier’s schedule there will be
checks at various intervals, often designated as flight line checks, overnight checks, and A,
B, C and D, the heaviest, checks. The objective of these checks is to conduct both routine
and non-routine maintenance of the aircraft, including scheduling the repair of known
problems; replacing items after a certain air time, number of cycles or calendar time;
repairing defects discovered previously, for example, from reports logged by pilot and crew,
line inspection, or items deferred from previous maintenance; and performing scheduled
repairs.

Schools Regulators Carriers
Equipment _ Aircraft
Vendor Aircraft Manufacturer
Inspection/
Maintenance

System

Components/ Other
Parts Sources

Figure 1. The Aircraft Inspection Maintenance System.

Once maintenance and inspection are scheduled for an aircraft, this timetable is
translated into a set of job, or work, cards containing instructions for inspection and
maintenance as the aircraft arrives at each maintenance site. Initially, the aircraft is cleaned
and access hatches opened so that inspectors can view the different areas. This activity is
followed by a heavy inspection check, primarily visual in nature. Since such a large part of
the maintenance workload is dependent on the discovery of defects during inspection, it is
imperative that the incoming inspection be completed as soon as possible after the aircraft
arrives at the inspection maintenance site. In addition, there is pressure on the inspector to
discover critical defects necessitating long follow-up maintenance times early in the
inspection process. Thus, there is a heavy inspection workload at the commencement of each
check. It is only after the discovery of defects that the planning group can estimate the
expected maintenance workload, order replacement parts and schedule maintenance items.
To meet this demand, maintenance facilities frequently resort to overtime, resulting in an
increase in the total number of inspection hours, often leading to prolonged work hours.
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Further increasing the pressure, much of the inspection, including routine inspections on the
flight line, is carried out during the night shift, between the last flight of one day and the first
flight on the next. Once a defect is rectified, it may generate additional inspection, called
“buyback” inspections, to ensure that the work meets necessary standards.

Thus, it is seen that initially the inspector’s workload is very high at the arrival of an
aircraft. As the service on the aircraft progresses, this workload decreases as the maintenance
crew works on the repairs. The inspection load again increases towards the end of service.
However, the rhythm of the work changes at this time because of frequent interruption as AMT's
call in inspectors to conduct buybacks of completed work. All of these factors contribute to
place stress on the inspectors and other personnel (Taylor, 1990), stress that is further
compounded by the fact that the inspector has to search for multiple defects occurring at varying
severity levels and locations (Drury, Prabhu and Gramopadhye, 1990).

The maintenance task is further complicated because of the wide variety of defects being
reported in older aircraft. Scheduled repairs account for only 30% of all maintenance in these
aircraft compared to 60-80% in the younger fleet, a fact which can be attributed to an increase in
the number of age-related defects (FAA, 1991). Consequently, a more intensive inspection
program is required for older aircraft, and inspection plays a more vital role. However, the
introduction of newer aircraft will not substantially reduce the maintenance workload, as new
airframe composites create an additional set of variables. The problem of maintenance is
compounded since the more experienced inspectors and mechanics are retiring and are being
replaced by a much younger and less experienced work force. Not only do the unseasoned
AMT's lack the knowledge and skills of the far more experienced inspectors/AMT's they are
replacing, they are also not trained to work on a wide variety of aircraft.

Further, the cost of inspection is rising. As a result, there is increasingly greater
competitive pressure to reduce maintenance/inspection costs, for example, by maintaining
minimum staffing levels and adhering to the mandated workload, without, of course,
jeopardizing safety or disrupting flight schedules. From an airline management perspective, two
goals need to be achieved by a maintenance/inspection program: safety and profitability. While
safety is of paramount concern, profitability can be realized only when safety is achieved
economically. For maintenance, this means that in addition to performing the task, technicians
have to be sensitive to efficiency, the speed measure, and effectiveness, the accuracy measure, if
they are to optimize their performance. The interrelationship between these performance
measures and task factors, among others, is seen in Figure 2.
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Task Factors Fhysical &
Environmental
Factors
AMT/Inspection
Ferformance
Speed Accuracy
On-time Cluality of
Deparure W ork
Subject Organizational
Factors Factors

Figure 2. Factors Impacting Aircraft Inspection Performance.

The stress produced by this complicated situation, imposing at times, what appear to be
contradictory goals, often results in maintenance errors, a fact that has been confirmed through
task analysis of commercial maintenance and inspection activities (Drury, Prabhu and
Gramopadhye, 1990) This analysis has revealed aircraft maintenance to be a complex activity
requiring above average coordination, communication and cooperation between inspectors,
maintenance personnel, supervisors and various other sub-systems (e.g., planning, stores, clean-
up crew, shops, quality assurance) to be effective and efficient (FAA, 1991; FAA, 1993). Thus, it
is clear that there exists potential for errors, and it is only through devising strategies that identify
where they occur that we can eventually determine problem areas and develop interventions
minimizing their impact.

For the FAA to provide the public with continuing safe, reliable air transportation, it is
important to have a sound aircraft inspection and maintenance system. This system is complex,
with many interrelated machine and human components. Recognizing the importance of the
human in this process, the FAA has pursued human factors research, placing continuing
emphasis on developing interventions to make the inspection/maintenance system more reliable
and/or more error-tolerant. A key objective has been to reduce errors and to conduct research that
provides the aircraft maintenance community with interventions/tools that will help in the
identification of factors resulting in maintenance errors. Knowing which factors contribute to
these errors can lead to strategies minimizing their effects. A potential area for the application of
such an approach is in the arena of dispatching aircraft following service. In response to this
need, this research focuses on developing a web-based surveillance tool to minimize
maintenance errors prior to dispatch by airlines. It is anticipated that the use of this tool will
facilitate the standardization of data collection on aircraft maintenance activities. To ensure that
the tool addresses the needs of the aircraft maintenance community, this research was pursued
with an industry partner.

12



1.2.  OBJECTIVES

The general objective of this research is to develop and implement an application tool to
perform surveillance activities to ensure that a consistent level of supervision is maintained over
maintenance operations. The system will promote a standardized format for data collection,
reduction and analysis to identify proactively contributing factors of improper maintenance.
The research was pursued over three years employing an integrated task analytic and user-
centered software lifecycle development methodology with the following specific objectives: (1)
identify an exhaustive list of impact variables that affect aviation safety and transcend across
various aircraft maintenance organizations; (2) develop data collection/reduction and analysis
protocols to analyze errors for the identified set of impact variables; and (3) using the results of
the aforementioned activity, develop and implement a web-based application which ensures
oversight of aircraft maintenance operations.

1.3. BENEFITS OF THE RESEARCH

The development of this web-based tool will benefit the FAA and the aviation
maintenance industry in the following areas:

e [dentification of potential factors causing maintenance errors. Eliminating these factors will
help reduce maintenance errors, ultimately improving the safety and reliability of aircraft
inspection and maintenance operations.

e Standardization of the data collection process supporting the analysis of maintenance errors
prior to aircraft dispatch.

e This web-based tool will be combined with existing data collection programs to support
record keeping and to facilitate consistency in oversight of aircraft maintenance performance
monitoring.

In addition, this research directly supported AFS requirements and the AAR mandate for
reducing maintenance accidents by conducting guidelines-based human factors research through
identifying and implementing intervention strategies.

2. METHODOLOGY

2.1. WEBSAT STRUCTURE

WebSAT, developed at the Human Computer Systems Laboratory at Clemson University, is a
tool for analyzing aircraft maintenance data and generating reports. The business processes
involved in a typical airline’s quality assurance department are supported through the four
different modules of WebSAT as described below.

1. Audit Management Module for Technical Audits: This module allows an auditor to
document an audit conducted on a vendor and record the audit data in WebSAT. The various
tasks and goals of different user categories such as auditors, managers and vendors can be
accomplished using the WebSAT audit management system. The typical tasks that can be
performed by an auditor or a manager or a vendor are described below

13



a. Start an audit on a particular vendor of a specific audit type.

b. Create/ Modify/ Select a checklist for conducting the audit.

c. Enter audit data in terms of checklist responses, process measures, aircraft level
impact categories, organizational categories, and open ended responses such as
findings, concerns and observations.

d. Generate audit report and send it to the vendor for corrective actions.

e. Send corrective actions (Vendor Task).

f. Approve the corrective actions sent by the vendor.

g. Create vendor assessment reports which show numerical and graphical analysis of
the vendor data.

h. Approve checklist modifications and creations (Manager Task).

—

Edit information on auditors, vendors and audit types.

The vendor can see the audit report not only through e-mail but also using WebSAT and send his
corrective actions through WebSAT. WebSAT automatically closes the audit once all the audit
findings are taken care of and the vendor addressed corrective actions are approved by the
auditor. Therefore, the entire audit process from starting an audit to closing it can be monitored
in WebSAT. WebSAT automatically assigns the audit status without any user intervention based
on the phase of the audit. The most significant aspect of WebSAT apart from data collection and
data reduction is the analysis capability. Data collected from various audits can be utilized for
assessing vendors’ performance over a period of time. See Appendix A for the user manual of
the WebSAT Technical Audit Management Module.

2. Audit Management Module for Internal Audits: The work flow of this module is very
similar to that of the Module for Technical Audits except that the audit is on a department within
the airline company rather than a vendor external to the organization. For this reason, the
checklists used are different. See Appendix B for a detailed description of the WebSAT Internal
Audit Management System.

3. Surveillance Management Module: This module allows a surveillance representative to
document every surveillance activity performed by him/ her on the aircraft. The various tasks
that can be accomplished by different user categories, such as Quality Assurance Representatives
(QARs) or their managers are given below.

a. Access the sampled surveillance activities and mandatory items of a scheduled
work order of an aircraft.

b. Access non-routine work cards of a scheduled work order of an aircraft.

c. Enter the surveillance data collected and classify it in terms of a process measure,
risk to aircraft, and managerial implications.

d. Identify the target percentage of activities to be achieved for each process

measure of a surveillance event per each day.

View the percentage of discrepancies in a work order.

Generate a weekly/monthly status report.

Generate a risk analysis report.

Set Goals for QARs (Manager Task).

Edit Vendor, QAR information (Manager Task).

~Ega th O
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See Appendix C for the user manual of the Surveillance Management Module in WebSAT.

Airworthiness Directives (AD) Tracking Module: This module allows the airworthiness
directive representative to track the applicability and status of an AD. The AD representatives
use built-in checklists to perform the review of a documented AD and enter data on the findings.
These findings can be utilized later to perform analysis based on various criteria. Unlike the
other three modules, the AD data analysis does not use a regression model. WebSAT also allows
the AD representatives to modify existing checklists or create new checklists and ensures that the
manager approves the modifications. See Appendix D for the user manual of the Airworthiness
Directives (AD) Tracking Module in WebSAT.

The objectives of these groups are achieved through effective functioning of the
representatives who perform surveillance and auditing activities. Their findings will help in the
evaluation and assessment of the internal and external organizations associated with the airline
which influences the safety and airworthiness of aircraft. The surveillance and auditing activities
are of foremost importance in ensuring adherence to the quality requirements and also
maintaining a consistent level of supervision over maintenance operations.

2.2. WORK FLOWS
1.1.1 AUDITS

Audit is an activity that addresses specific issues. Auditing may be performed at two
levels: Internal and Technical audits. Internal audits are those that are performed within and/or
across the airline departments. Oversight of functions relating to aircraft line maintenance, ramp
operations and aircraft fueling, whether owned by the airline or contracted, is accomplished by a
formal system of technical audits performed by qualified technical auditors. The audit manager
assigns an auditor and schedules the audit. The auditor will select the audit standards, perform
pre-audit analysis and finally complete the audit. The auditor then reports the findings to the
vendor and his/her manager. This approach is used by the Partnering airline technical audit team
for their audits. The work flow analysis of the internal audit and technical audit work functions is
depicted in Figures 3 and 4, respectively.
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Work Flow Diagram
Work Function Internal Audit
User Sr Technical Audit Specialist

Source Trip Reports

/ Department Manager (EMM)

(done at Los Angeles Indianapolis and Memphis;
- Complete corrective actions

- Address new concerns from the audit manager

- Provide internal evaluation information to the audit

manager on the audit process

Major Findings
All Findings

Records
- Store old audits

Transfer old audit reports

/

User Auditor
- Identify area to be audited
- Review policies and regulations for modifying checklists
- Modify checklist based on the audit type
- Plan the trips to visit the department
-Conduct Audit

/
Conduct SAl and EP

Internal Evaluations

- Generate Audit Report : (ATOS; -
- Forward Corrective Actions form - Provide checklist with
attributes

to the departments
(For adhoc audits provide feedback
for EMM and FOD audits)
-Follow-up on Corrective Actions if not satisfactory
Close audit subsequent to corrective actions completio

Conduct SAl and EP

Discuss Status report
regularly

Corrective
Actions

Audit Repori
Contents Audil #
Department detai Date
Cc Sr Manager MLC 8 VF

Internal Audit Manager
- Receive report
- Provide feedback to the department(s;
the audit includes
- Generate Audit Scores
- Approve audit checklists
- Approve trip expenses
- Send Audit Report
- Communicate Senior Manager
concerns (if any; to the department
= Add new questions for audit:

I Comments I

Department Manager (FOD)
- Complete corrective actions

- Address new concerns from the audit manager

- Provide internal evaluation information to the

audit manager on the audit process

ATOS - Air Transport Oversight System
EMM - Engineering Material And Maintenance
EP - Element Performance Inspection
FOD - Flight Operations Department
Mx - Maintenance

PCS - Production Control System

QA - Quality Assurance

Wi C - Work Carc

SA - Safety Attribute Inspection

MC - Managing Director

VF - Vice Preseident

Senior Manager
- Review Audit Report summary
- Provide comments on the audits (if any
and copy to auditor MD & VF;

Figure 3: Work Flow of Internal Audits
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Work Flow Diagram
Work Function: Technical Audits
User: Manager
Source: Trip Report |, II, V

Supplier Evaluation

System

Mainframe System Request for an audit
(also coulq be through e-mail)

Request to pérform an audit

User: Manager
1. Perceive notification for a supplier audit from an
external department or SCORE system
2. Schedule the audit
3. Assign an auditor based on vendor zip code
4. Forward the request to the assigned auditor
5. Approve FMR, and other supplier type vendors
6. Verify the various audit checklists and fuel surveillance checklist
7. Schedule FMR audits
8. Score the ramp audits

\.

Fuel Vendor
Surveillance Report

[ N\ Schedule an appointment with
[ ) Mx. Personnel or Inspector

Prior to Corrective |
Actions Phase: /
Audit Findings

Report

Final Audit Report
includes findings,
concerns on compliance
issues, other comments,
corrective actions

'

Corrective Actions All Findings

/
S/ )

Major Findings
=

Auditor
-Select Audit Standards
-Perform pre-audit analysis
- Complete the audit at vendor location
- Formulate Audit report
-Follow up on Corrective Actions
Close Audit

/

FMR - Fuel, Maintenance and Ramp

Figure 4: Work Flow Analysis of Technical Audits
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1.1.2 SURVEILLIANCE

Surveillance is the day-to-day oversight and evaluation of the work contracted to an
airframe substantial maintenance vendor to determine the level of compliance with the airline’s
Maintenance Program and Maintenance Manual. The primary objective of surveillance is to
provide the airline, through the accomplishment of a variety of specific surveillance activities on
a planned and random sampling basis, an accurate, real-time, and comprehensive evaluation of
how well each substantial maintenance vendor is complying with the airline’s and FAA
requirements. For example, the partnering airline has a Quality Assurance Representative
(QAR), stationed at the vendor location who schedules surveillance of an incoming aircraft. The
specific task to be performed on an aircraft at a vendor location is available on a work card. The
representative performs surveillance on different work cards according to the surveillance
schedule. The results are documented and used to analyze the risk factors associated with the
concerned vendor and aircraft. A high-level work flow analysis of the surveillance work function
is depicted in the Figure 5.
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Work Flow Diagram
Work Function Surveillance

User Quality Assurance Representative
Source Trip Report| 1 Il

Reliability
Mx Planning & Engineering
-Look at historical data to add value tc
surveillance activities
- Add New ADs to PCS
- Update PCS with work cards
fora W/O #

echnical Audits

Dept

Share data oﬁ “rejects’
with trends in N/R and routine activities (“give rise to New Checklists”)
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Figure 5. Work Flow of Surveillance

19



1.1.3 AIRWORTHINESS DIRECTIVES

The Airworthiness Directives Control Group (ADCG) is responsible for the
implementation of new, revised or corrected Airworthiness Directives (AD) appearing in the
Federal Register. If the “applicability statement” of an AD refers to an aircraft model and series
or engine model and series operated by the airline, or if the AD addresses an appliance or
component that could be installed on an aircraft operated by the airline company, the ADCG
considers the AD to be initially applicable. A Work Instruction Card (WIC) generated by the
ADCG is used by the maintenance personnel to check for compliance with the AD. There are
checklists to review the compliance of a WIC. These checklists can be used as a process
measurement tool to review each WIC and identify any discrepancies. The findings obtained
from these reviews can be used to identify risk factors. A high-level work flow analysis of the
AD work function is depicted in Figure 6 below.
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Figure 6. Work Flow of AD

2.3. DATA ARCHIVE AND MODIFICATION

The auditors, surveillance and AD representatives can store, update and retrieve
information in real time from WebSAT. Over time, the tool will become a repository of audits,
surveillance activities and AD tracking information. The auditors and surveillance and AD
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representatives will be able to use these records as evidence to analyze aircraft maintenance data,
rather than managers depending on scattered and largely un-documented data to validate trends.
The airline’s information technology department maintains WebSAT and ensures the integrity of
the data stored in it.

Please refer to Appendix J for the exhaustive list of process measures generated for the
departments of Technical audits, Internal audits, Surveillance, and Airworthiness Directives.

3. WEBSAT TECHNOLOGY DESCRIPTION

The WebSAT tool can be accessed by geographically dispersed entities of an airline to
feed data into the system and share it across different facilities. This web based tool consists of a
front-end and a back-end to allow data to be shared. The front-end is the web interface an auditor
or surveillance representative will interact with. The front-end comprises the design files which
display the web elements such as images, buttons and textboxes. These files are loaded in a web
server to launch WebSAT. The files in the web server thus provide the auditors and surveillance
representatives with access to the tool. The WebSAT design files have been developed using the
Microsoft Visual Studio .NET development environment.

The back-end is a database server where data is stored, updated, and retrieved.
WebSAT’s database can reside on a SQL or Oracle server. A database server is a device capable
of storing large amounts of data while allowing concurrent real-time data sharing. Consequently,
the back-end cannot reside on one's personal machine and has to reside on a common database
server which takes requests from users at various locations.

A database contains several tables each containing different kinds of data. For example,
in the WebSAT database, there is an employee table which stores all employee information such
as employee ID, phone number, address and designation. Similarly, there is a supplier table
which stores all supplier information such as supplier ID, contact information and supplier name.
All these tables are related to one another and these tables and their relationships are stored in a
database schema.

3.1. WEBSAT SYSTEM REQUIREMENTS

Table 1. WebSAT System Requirements

Web Browser Internet Explorer version 5.0 or higher and
Firefox version 1.5
Web Server Internet Information Services 5.1 or above
Server Operating Windows Server 2003 (Preferred)
System Windows XP Professional
Framework .NET Framework 1.1 or above
Database SQL Server 2005/SQL Server 2003
or Oracle Server 2005
Editing and Visual Studio.NET 2003 and above (with Crystal
Debugging Software | Reports 9.0 or above).
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3.2. WEBSAT INSTALLATION INFORMATION

The primary users of WebSAT are the surveillance representatives, internal and technical
auditors, AD representatives and managers of the four work functions. These primary users will
be referred to as end users in this report. A system administrator is also required to perform the
one-time task of WebSAT installation.

In information technology parlance, WebSAT is a client-server application (see Figure
7). The client side refers to the personal computers that the end users use. The client side, using
web browsers, allows the end users to view, update and enter data into WebSAT. The server side
refers to the web server which contains the design files and the database server used to store data
entered by the end users. The web server handles the requests from a number of geographically
dispersed end users simultaneously.

, —— . Auditors
Surveillance Representative

Figure 7. Client-Server Application

The WebSAT application installation package consists primarily of the database file with
a “Dbak” extension, the application files with an “.msi” extension, user manuals and
installation/technical reference manual. The details on WebSAT installation are available in the
installation/technical reference manual (see Appendix E). The user manual in the application
package which is also described in Appendices A, B, C and D gives detailed information on how
to use the tool.
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4. SYSTEM DESIGN AND EVALUATION

A user-centric design methodology was adopted to design and develop the tool. Various
ethnographic techniques, such as interviews, observation sessions and surveys were conducted to
identify the needs of the various user categories of WebSAT. The available documents at the
airline company were also studied users were shadowed at their work environment to analyze the
work flows of different work functions at the quality assurance department of the partnering
airline. The work flow analysis (see section 2) helped in understanding the users’ current
practices at work, the work environment, motivations and frustrations at work. This information
was utilized in identifying user needs, creating personas and establishing target specifications for
the systems developed. The needs were prioritized based on the importance ratings gathered
from the users and the designers. In the next phase concepts generated by the designers were
prototyped and tested with end users to finalize the information architecture of the product.
Subsequently, the detailed design of the tool was accomplished and in-house evaluation of the
designs was performed before conducting user testing of a functional prototype with end users at
the client location. See sections 4.1 and 4.2 for details on the methods and results of the user
testing sessions conducted at the partnering airline.

4.1. USER TESTING METHODS

The user testing sessions were conducted at the partnering airline with the end users of the
Internal and Technical Audit Management systems, the Surveillance Management system, and
the Airworthiness Directives Tracking system. The participants recruited for this study were real
time users of the web-based surveillance and auditing tool and represent the general user
population. The participants were asked to participate in user testing through e-mails. The
content of the e-mail provided information about the testing, and the potential risks and benefits
involved in participating in the study. After acquiring the users’ consent to participate, testing
was done at the participant’s location, not in a laboratory setting. Eight auditors, 7 QARs and 5
managers participated. WebSAT functional prototypes were presented to the users and they were
asked to perform specified tasks using a 19” Dell color monitor, a standard Dell keypad and an
optical mouse. The application was run under the Windows XP operating system on a Dell
Inspiron 700 m Celeron 2.6 GHz processor using Internet Explorer browser 6.0.

4.1.1. AUDIT TASKS

Both managers and auditors performed the same tasks in the order shown below
(See Appendix E for the scenario descriptions presented to the participants):

Retrieve vendor X’s past audit findings

Start a new audit on vendor X

Select a checklist for the new audit started

Print the checklist selected for vendor X to use for conducting the audit

Enter findings for the new audit started

Identify the regulation standard for the question given on the specified checklist
Categorize the audit findings in terms of Aircraft Level Impact (ALI) and Organizational
Categories (OC).

NNk W=
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8. Generate audit report based on the audit conducted and send it to vendor X
9. Approve corrective actions

10. Find vendor X contact information

11. Find the different audit types in WebSAT

12. Find the status of audit # xyz

13. Find help information on given topic

14. Create a new checklist for the given new audit type

15. Modify the checklist given and submit it to a manager for approval

16. Perform data analysis

4.1.2. SURVEILLANCE TASKS

—

Classify the data collected in terms of a process measure and risk to aircraft, and indicate
managerial implications
Access an AD
Access the sampled surveillance activities
View the percentage of discrepancies
Generate a risk analysis report
Access information on non-routine work cards
Access information on non-routine work cards generated by vendor
Generate a weekly status report
Access help information
. Identify the percentage of activities to be carried out for each process measure of a
surveillance event.

=00 NO U AW

=

4.1.3. AD MODULE TESTING

The AD module was only tested with the AD manager and one AD representative because the
AD work flow implemented in WebSAT is not a part of the existing job domain of the AD
representatives. The users needed familiarization and training with the process to be able to
perform the tasks using WebSAT. Hence only the two users who were aware of the proposed
work flow performed tasks and gave qualitative feedback on the system.

4.1.4. DATA COLLECTION

Performance measures determining the efficiency and effectiveness of user performance were
measured in this study. Specifically, the time taken to complete each task was obtained. If the
user was unable to complete a particular task after initial attempts, it was counted as
unsuccessful. At the end of each task, the subject was given an After-Scenario Questionnaire
(ASQ) and asked to give a rating on a scale of 1 to 7 with 1 being highly satisfied and 7 being
highly dissatisfied with: the ease of use of the interface in performing that particular task,
satisfaction with the amount of time it took to perform the task; and the online help information
provided in accomplishing the task (Kirakowski and Corbett, 1993). In addition, qualitative
feedback was acquired through the think-aloud technique. A summative evaluation of the tool
was conducted by administering a Software Usability Measurement Inventory (SUMI)
questionnaire at the end of each session (Lewis, 1990).
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4.2. USER TESTING RESULTS

The data gathered for each module was analyzed separately to assess the individual
performance of each module. The user testing sessions conducted at the partnering airline with
the end users of the Internal and Technical Audit Management systems, the Surveillance
Management system, and the Airworthiness Directives Tracking system revealed that WebSAT
is usable. This can be inferred from qualitative feedback obtained in the form of user comments
such as

¢ “This (WebSAT) looks far superior to the current automated audit management system we
are using.”

® “Very easy to use” (While Creating a New Checklist)

e “It is very easy to find information” (While Generating an Audit Report)

The quantitative data gathered in terms of time taken to complete the task was utilized in
verifying the system met the target specifications (see Appendix F for details on the user testing
data gathered).

4.2.1. TECHNICAL AND INTERNAL AUDIT MODULES - PERFORMANCE
SPECIFICATIONS

For both audit modules, the system met with its performance specifications for all metrics except
Metric 2. As can be seen in Appendix F-1, only approximately 40% of the users were able to
complete this scenario. In addition, it can be observed from Appendix F-2 that the average after-
scenario questionnaire rating for 12 out of 16 tasks ranged between 1 and 2, indicating that the
users were very highly satisfied with the ease-of-use and the amount of time needed to perform
each of these tasks. Except for Metric 2, which requires the user to identify vendor contact
information, the tasks received an ASQ rating ranging between 1 and 3. These results suggest
that even though the users were not familiarized with the tool prior to the testing, it is usable and
enables the users to accomplish their goals. With increased use, the users will become more
comfortable and adept with the tool. New screen designs were not proposed for tasks with low
completion rates because the team felt that with familiarity with the software the users will not
have a problem.

4.2.2. SUMIEVALUATION — AUDIT MODULES

Subsequent to completing all the scenarios, each user completed the SUMI questionnaire, the
purpose of which is to collect data on user satisfaction, one of the most important variables
determining the success of a product. The 50 questions on this inventory are answered as agree,
undecided, disagree, represented by a 1, 2, or 3, respectively. The subsequent analysis measures
the software product on five specific SUMI scales — Efficiency, Affect, Helpfulness, Control and
Learnability—in addition to the sixth, the Global Usability scale, which is a general satisfaction
measure (see Appendix G-1). These scales measure the degree to which the user can meet the
demands of the tasks or the computer system, given his or her ability and level of knowledge.
The higher the SUMI value, the better the product is, with scores over 50 indicating the product
is competitive with state-of-the-art technology. Given the similarity between the internal and
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technical audit systems, work flows and users, the combined scores of the technical and internal
audits were evaluated. These totaled higher than 60 on five of the scales and 58 on the efficiency
scale (see Appendix G-1 for the specific scores), indicating the high quality of the WebSAT
auditing modules.

4.2.3. SURVEILLANCE MODULE - PERFORMANCE SPECIFICATIONS

For the surveillance module, the system met its performance specifications for all metrics other
than metrics 32 and 17 which were assessed by scenarios 4 and 10 respectively. Scenario 4 was
to access the sampled surveillance activities of a given work order. Scenario 10 was to use the
online help feature provided to the user. Metric 32 is the time taken to access the sampled
surveillance activities and metric 17 is time taken to access help information. As can be seen in
Appendix H-1, only approximately 30% of the users were able to complete these scenarios. In
addition, it can be observed from Appendix H-2 that the average ASQ rating for 8 of the 10 tasks
ranged between 1 and 2. This shows that the users were very highly satisfied with the ease of use
and the amount of time it took to perform each of these tasks. Excluding metrics 32 and 17, the
metrics had an ASQ rating ranging between 1 and 3. The users did not have any familiarization
session with this tool before they used it and faced it for the first time during this testing. This
suggests that the tool is very usable and enables the users to accomplish their goals. The system
exceeded the ideal target specifications in all cases except for metrics 32 and 17. New screen
designs were not proposed for tasks with low completion rates since the team felt that with
familiarity with the software the users will be able to perform the task successfully.

4.2.4. SUMIEVALUATION — SURVEILLANCE MODULE

The WebSAT surveillance system scored 60 on five scales and 56 on the efficiency scale (see
Appendix G-2 for the specific scores), indicating the high quality of the WebSAT surveillance
module.

5. MODEL DETAILS

A hierarchical logistical regression technique was used to analyze the historical data provided by
the partnering airline. Around 18000 data points for technical audit, 4000 for internal audit and
85000 data points for surveillance were analyzed. One model each for the technical audit,
internal audit and surveillance modules was generated. These models have been embedded in the
tool for predicting vendor/ department performance. They are being used in the vendor,
department and risk assessment sections for the technical audit, internal audit and surveillance
modules, respectively and in the audit impact and surveillance planning sections of each module.
For example, the model for technical audit is as follows:

Logit (response code) = B; Auditor Experience + B (1 1o 3)Audit Type(1 to 3) + BsAudit Duration
+ Baq 10 2yContinent (1 to 2) + Bs( 1 3yAuditor Experience * Audit Type (1 to 3) + BsAuditor
Experience * Audit Duration + B7(1 1, 2)Auditor Experience * Continent (1 to 2) + Bs(i « syAuditor
Experience * Process Measure (1 to 6) + Bo(i 1 3yAudit Duration * Audit Type (1 to 3) + Biog o
»Audit Duration * Continent (1 to 2) + 3o

Bi and B2 1 o 4) refer to the coefficients of the model, with 1 to 4 representing the four
different values for each audit type level. B, refers to the intercept. Auditor Experience and Audit
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Type are the independent variables, with 1 to 4 representing the four levels of Audit Type. Logit
refers to the logistic probability unit.

The interaction effects were analyzed for the significant interactions. Figure 8 displays
the two way interaction of auditor experience with continent (pvalue = 0.0003). To understand
the interaction between two variables, A*B, the response variable is measured at one level of one
variable, say A, for various levels of the other variable, B. If variable A is a continuous variable
such as auditor experience, the levels it is set at are decided using the variable’s mean and
standard deviation (say SDy ). Thus, if B is a categorical variable, the interaction between the
two variables, A*B, will be measured by calculating the response variable value at the mean of
variable A for the various categorical levels of B. Similarly, the response variable value at one
standard deviation above the mean of variable A (A + SD4) and one standard deviation below
the mean of variable A (A - SD,) for the various categorical levels of B shows the interaction of
A* B at two other levels of A.

To evaluate the two way interaction of auditor experience with continent, the response
variable was measured at one level of the auditor experience for various levels of continent. The
auditor experience mean from the historical data is 6.993 years with a standard deviation of 2.5.
Observing the chart we can conclude that for the same auditor experience there is a difference in
the response rate for the American, Asian and European continents where response rate refers to
the percentage of "Yes" responses in the audit. The auditor experience particularly affected the
response rate for vendors located on the American continent.

Auditor Experience and Continent Interaction

100

99.8 1

99.6 < \\.‘
g 9941 \I
$ 92 ./ —e—Y(9.493)
S 991 ——Y (6.993)
2 088 —8— Y(4.493)
z %
§ 98.6

98.4 1

98.2

98

America Asia Europe

Continent

Figure 8. Auditor Experience and Continent Interaction Effect

Similar graphs and explanations have been provided for the other two way interactions of
audit duration with audit type (pvalue = 0.0005) and audit duration with continent (pvalue <
0.0001 ) in the tool.

The modeling results obtained are promising for Technical Audit and Surveillance. The
results obtained for Internal Audit are insufficient. This can be attributed to the insufficiency of
data for the variables. Due to confidentiality reasons, the data on variables such as auditor
characteristics (e.g., auditor age and experience) and department characteristics (e.g., department
size and department location) were not provided. In other cases, inaccessibility of data on
variables proved to be a difficulty. For example, vendor characteristics, such as number of
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service orders and period of vendor service existed in disparate systems from which data
retrieval was virtually impossible. Since logistical regression models thrive on variability in
group characteristics, lack of variables for a group level and inadequate data limit the accuracy of
the model.

The technical audit model revealed that the vendor performance of the Asian continent
seemed to be virtually perfect. This result should be further evaluated to understand the
characteristics that cause this. For example, it could be that the auditors, who conducted the
audits on this continent were not as objective in conducting their audits as were the auditors on
other continents. Conversely, it may also be that the vendors from this continent pay more
attention to their business process and its associated regulations to achieve outstanding response
rates of 100%. The data on continents could be further broken down to individual countries to
provide more specific discussion. Further observation also reveals that the response rate
deteriorates if the audit duration increases, independent of the audit type and continent, except
for the Asian continent. This is particularly prominent in Suppliers audits and on the American
continent. This result may be especially useful for managers, who would now have a reason to
believe that audit durations should be short and swift especially if they are Supplier audits on the
American continent.

Similarly, the surveillance model revealed that the rejection rate increases for non-
technical process measures such as facility surveillance, particularly for the Asian continent.
Rejection rate refers to the percentage of "Rejects" during a substantial maintenance. The
surveillance model also revealed a higher rejection rate for older aircraft.

An example of the use of the Surveillance Planning section in the Surveillance module is
illustrated. This section is used by the surveillance representative to predict a rejection rate and
review the impact of the predictor variables on the rejection rate. It allows the representative to
view information on the method adopted to generate the model and a graphical presentation of
the impact of the various predictor variables such as aircraft age, aircraft model and vendor
location on rejection rate.

LOGOUT
Hello Steve Johnson! Help
( Enter Data \( View Data \

Surveillance Schedule Search Surveillance Risk Evaluation
Activities

Enter New Surveillance Productivity Report
View Surveillance Data

Enter New NR PRI X e in T o= TR Surveillance
view NR Information Planning

View My Activity
Distribution

Surveillance Planning

What is this page about?
Step Specify the vendor where substantial maintenance

1: would occur Helect-tne X
?:eP Specify the process measure :_S_t_al_eg_ One M
gfep Specify the aircraft tail number Select One ¥
* All fields are required
[ Calculate Predicted Rejection Rate ]

Figure 9. Surveillance Planning section in Surveillance Module
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As shown in the Figure 9, the representative specifies the values for each step and clicks
on the Calculate Predicted Rejection Rate button. The representative is given the choice to
review the details of the model or to proceed directly to the predicted rejection rate based on the
parameters. Figures 10, 11, 12 and 13 present the Model Review section.

LOGOUT

Hello Steve Johnson!

[ Enter Data \[ View Data \

Help

Surveillance Schedule Search Surveillance Risk Ewvaluation
Enter New Surveillance AEHVILES Productivity Report
Enter New NE xie i vslistoet Surveillance

Yiew ME Information Planning

Wiew My Activity
Distribution

Surveillance Planning > Effect of variables on rejection rate > Risk Analysis Technique

Risk Analysis Technique

In research conducted by Clemson University, risk models responsive to airline operation
requirements were generated.

The statistical analysis technique of hierarchical logistical regression was applied to data
obtained from previously conducted audits and surveillance (2002 - 2005) .

These models help us to identify the factors underlying poor vendor performance rate,

ultimately helping you to manage the surveillance and auditing functions of aircraft
maintenance

Figure 10. Model Review in Surveillance Planning section

As shown in Figure 11, the General Model Details page illustrates the model, including
its variables and its intercepts. The model is presented in a general and detailed form. The
detailed form can be viewed using the View Detailed Model link and presents the entire model
with the variables and their interactions at different levels. The Understanding Variable

Interaction page (Figure 12) describes the predictor variables which were found to significantly
affect the rejection rate.
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Distribution

Surveillance Planning > Effect of variables on rejection rate > Risk Analysis Technigue >
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General Model Details

General Model Structure

¥ =-1.256 + Al{Continent) + A2 (Aircraft Model) + A3 (Process Measure) + A4 (Aircraft Age) +

A5 (Process Measure * Continent) +A6 (Aircraft Age * Process Measure) + A7 (Aircraft Age *
Continent)

View Detailed model

Figure 11. Model Details in Surveillance Planning section
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Enter New Surveillance Productivity Report

View Surveillance Data

Surveillance
View NR Information Planning

Enter New NR

View My Activity
Distribution

Surveillance Planning > Effect of variables on rejection rate > Risk Analysis Technique >
General Model Details > Understanding Variable Interaction

Understanding Variable Interaction

Statistical analysis of the historical surveillance data, identified a combination (or interactions)
of variables which significantly affected the rejection rate.

- Rejection rate, in the context of surveillance, refers to the probability of a "Reject” for a
surveillance activity during a scheduled maintenance.

The following interactions were found to significantly affect the rejection rates:
1. Process Measure and Vendor Location (Continent)

2. Process Measure and Aircraft Age

3. Aircraft Age and Vendor Location (Continent)

The next screens explain these interactions.

Figure 12. Variable interactions in Model Review section
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Figure 13 displays the page which describes the impact of the predictor variables on the
rejection rate. This page shows the interaction of the predictor variable Process Measure with
predictor variable Vendor Location and its effect on the predicted rejection rate. This section
allows the representative to review the graphical presentation of the impact of the various
predictor variables such as aircraft age, aircraft model and vendor location.

Process Measure and Vendor Location (Continent) Interaction Graph{s)

Show Al
ProcessMeasure * Yendor Location - MD-11
Interaction of Process Measure and Vendor Location
(Continent) - MD-11 - 11F
1]
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]
o
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Q
=
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T
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[
w =
o =
8 =
= % ;
o = a F—Eeject]on Rate
AL = (America)
2o o 5
= —+—Rejection Rate
(Europe)
Process Measure Rejection Rate (Asia)
Observing the above chart for the interaction between process measure and vendor location {continent), we can
conclude that:
—-For vendors located on the Asian continent, the rejection rate /s high for the process measures of
Documentation, Facility and Procedures Manual Yiolation,
—-For all vendors, the rejection rate for the Facility process measure Is high compared to other process measures,
Previaus Mext

Figure 13. Variable Impact in Model Review section
As shown in Figure 14, the Predicted Rejection Rate page displays the predicted

rejection rate and the values of the various parameters selected on Surveillance Planning page.
The Back button allows the representative to return to the Surveillance Planning page.
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Surveillance Planning > Effect of variables on rejection rate > Risk Analysis Technique >
General Model Details > Understanding Variable Interaction > Process Measure and Vendor
Location (Continent) Interaction Graph(s) > Process Measure and Aircraft Age Interaction >
Aircraft Age and Vendor Location Interaction > Predicted Rejection Rate

Predicted Rejection Rate

Vendor Singapore Aircraft Model MD-11
Aircraft Age 12 Years Aircraft Tail Number 579
Process Measure Verification Surveillance

Predicted Rejection Rate 2

You can expect a rejection rate of 2 % for the chosen vendor, aircraft model, aircraft age and process
measure in the surveillance.

Figure 14. Predicted Rejection Rate in Model Review section

In conclusion, the surveillance planning, audit impact and audit allocation sections allow
the auditing and surveillance personnel to use the model in understanding the predicted response/
rejection rate and the effect of the predictor variables and assist the managers in allocating
resources.

6. INSTRUCTIONS FOR OTHER AIRLINES

Airlines may install WebSAT by following the instructions as provided in the installation
manual. However, since WebSAT was designed primarily using information from the partnering

airline, our industry partner, there are certain aspects of the tool, stated below, which must be
kept in mind.

(a) Audit and Surveillance Process: Since WebSAT uses a generic auditing and surveillance
process, it can be used by any airline. The tool can be used to start an audit, create and modify

checklists, enter findings for a work card, and to generate reports that can be sent to a vendor or a
department.

(b) Replenishing the WebSAT Tables: Data needs to be entered in some WebSAT tables to

customize WebSAT for an airline. Employees and Suppliers are two such tables. It is important
to fill WebSAT’s Employees and Suppliers tables with the airline’s employees and supplier
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information. Refer to Appendix I for more details on the different fields in the WebSAT tables
and their specifications.

(¢) Permanent Connection of WebSAT with Airline Database Tables: There are some tables
in the surveillance module which require permanent connection to specific airline tables. For
example, for the surveillance module to function with real time data, the WebSAT work card
table must be connected with the airline’s work card table to enable the surveillance
representative to see the current work cards.

(d) Data Model Utility: The logistical regression models used in WebSAT were developed
using statistical packages and historical data. Since the partnering airline historical data was
used, the results of the models cannot be applied to any other airline. However, the following
steps can be taken to generate a similar model for another airline:

a. Collect data on audits, surveillance activities, aircraft, vendor and department characteristics,
and auditor and surveillance representative characteristics.

b. Run logistical regression analysis using a statistical package such as SAS to generate the
model.

Please note that steps a. and b. are complex and require consultation with a statistical expert.

(e) ALI and OC: These categories were developed with the help of the partnering airline
managers, auditors, and surveillance representatives. Since the categories are generic in nature,
they may be utilized by other airlines.

(f) SQL and Oracle Databases: Please refer to the sections below.

(g) Microsoft Visual Studio .NET program: Since the WebSAT design files have been
developed using the Microsoft Visual Studio .NET development environment, the files must be
edited and compiled on the web server using this application.

7. DEVELOPMENTAL CHALLENGES

WebSAT is a complex tool in that it involves web pages which can collect data and it can
specify various parameters for data retrieval. These capabilities necessitate the requirement for a
web server and a database application. The different developmental challenges encountered in
WebSAT development were:

(a) Geographically Different Locations of End Users: This challenge required that WebSAT
be web based to allow the users, who are constantly traveling from location to location, to use
WebSAT through the internet. To address this challenge, WebSAT design files were installed on
a web server. This allows the end users to access WebSAT regardless of their geographical
location.

(b) Data Storage and Retrieval: Any audit or surveillance event involves documenting

observations and storing them in WebSAT. It will also involve storing checklists and reports.
Airworthiness Directives must also be tracked. To address this challenge, the WebSAT database
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was developed in Microsoft SQL and in Oracle. Two versions of WebSAT were created to suit
both of these database products.

(¢) .NET Framework: The .NET framework provides a development environment through
Microsoft Visual Studio .NET. The .NET framework eases installation of applications on a
server. Consequently, the design files must be stored on a web server having the .NET
framework.

8. FUTURE IMPOVEMENTS TO WEBSAT

Listed below are some of the features which may be implemented in future versions of
WebSAT. These features are listed by module:

1. Technical and Internal Audit Modules:
¢ Follow up audits
Redesign user interface to accommodate more vendors
Include vendor suspension
Provide past-due notification
Vendor's and Auditor’s personal space

2. Surveillance Module:
¢ Include vendor suspension
e (Quality Assurance Representative’s and Vendor’s personal space
e Scheduling of aircraft maintenance

3. Airworthiness Directives Module:
¢ Information flow on accepted airworthiness directives to surveillance module

9. RESEARCH CONTRIBUTIONS AND DISSEMINATIONS

Scientific research projects were conducted in this project. Their abstracts are presented below.

9.1. RESEARCH CONTRIBUTIONS

9.1.1. A MULTIDIMENSIONAL SCALING AND PARTICIPATORY DESIGN
APPROACH TO CLASSIFY OPEN ENDED AIRCRAFT MAINTENANCE
DATA

The quality assurance data to be analyzed by the web-based surveillance and auditing
tool (WebSAT) is both qualitative and quantitative. The forced responses to checklist questions
provide a definitive outcome identifying the effectiveness of the four quality assurance work
functions. On the other hand, open-ended responses, the second type of response for capturing
maintenance errors, are qualitative in nature since they reflect what the auditors and quality
assurance representatives observe during their interactions at vendor locations. This research
applied the statistical technique of multidimensional scaling and the user centered design method

35



of participatory design to categorize open-ended responses into suitable performance metrics of
aircraft safety and organizational cost.

Given the importance of the open-ended comments made in the quality assurance
process, it is critical to capture all open-ended response data in addition to the attribute data
acquired from forced responses. While WebSAT proposes to capture both types of information,
the open-ended responses require interpretation to ensure their appropriate application in the
maintenance/inspection process; that is, this data must be associated with appropriate measures
of the maintenance process. This research establishes performance measures implying the impact
of audit and surveillance findings on aircraft safety and establishes another list of performance
measures categorizing the impact of audit and surveillance findings on the organization. These
performance measures are referred to as ALI and OC, respectively.

9.1.2. PERSONAS FOR INTERACTION DESIGN OF WEB-APPLICATIONS TO
DISPLAY TRENDS IN AVIATION MAINTENANCE DATA

WebSAT is required to be used by users of different categories such as auditors,
managers and senior managers. The different categories of users have varied goals with respect
to their interaction with WebSAT. It is essential in this regard to understand the goals of these
user categories, their tasks, their abilities, characteristics and frustrations towards computer
applications in general and understand their mental models with respect to their job domain. A
Persona is a fictitious person which represents a user category and allows the design team to use
it as a reference to the user’s perspective in making design decisions. This methodology allowed
the research team to establish user categories and understand their specific characteristics to cater
to their individual differences or group differences through WebSAT designs. This allowed
interfaces to be tailor-made for specific user categories.

9.1.3. DEVELOPMENT OF RISK ASSESSMENT MODELS TO MEASURE
VENDOR PERFORMANCE IN SURVEILLANCE AND AUDITING OF
AIRCRAFT MAINTENANCE

Elimination of aviation accidents is one of the primary goals of the Federal Aviation
Administration and the airline industry. A leading cause of aviation accidents is lack of
oversight of various organizational aspects, in particular, the organization’s maintenance
operation performance. The technologies used in the industry generate multiple risks, mostly
from three domains: systems, hardware and people (Zimolong, 1992). Maintenance performance
analyses identify the inherent risk in distributed, large-scale systems. Analysis of existing
aviation maintenance data is a crucial step in meeting the aviation industry’s need to improve
aviation safety. Presently, we lack suitable tools to analyze large bodies of maintenance data. In
this study, we generated risk models responsive to airline operation requirements using
hierarchical logistical regression analysis based on historical auditing and surveillance data.
These models help to determine the organizational factors underlying aviation maintenance
errors, ultimately helping airline personnel to better manage the surveillance and auditing
functions of aircraft maintenance.

9.2. DISSEMINATION
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1 Introduction

This is a user guide for the Web-based Surveillance and Auditing Tool (WebSAT)
Technical Audits module. It is organized according to the functions that can be performed
using this tool. Detailed instructions are provided for the various tasks for conducting
audits and documenting audit data and storing it in WebSAT. It is intended to be a
straightforward introduction to how this tool works and assumes that the reader has a
basic level of familiarity with computer and internet applications and with the business
processes involved in a typical airline’s Quality Assurance Department.

To view ONLY one particular topic, click the appropriate section in the
Table of Contents. To print instructions for that topic, click on the Print button on
your browser.

1.1 WebSAT Description

The research team at the Human Computer Systems Laboratory has developed
WebSAT. It is a tool for analyzing aircraft maintenance data using results from statistical
techniques such as logistical regression, to determine risk trends. It is intended to collect,
reduce, and analyze surveillance, auditing and airworthiness directives operations data in
a standardized way to reflect the impact of maintenance error on the safety of an aircraft.
This will allow users at various hierarchical levels in a work function to collect and
analyze data on.

Over time the WebSAT tool will become a repository of surveillance and audits.
This will mean that auditors will be able to use verified records as evidence to analyze
aircraft maintenance data, rather than managers depending on scattered and largely un-
documented data to validate trends. The airline information and technology department
will help maintain WebSAT and ensure the integrity of the data stored in it.

2 Introduction to WebSAT Terms

This section provides a brief explanation of the terms used in the different screens
and forms of WebSAT, which may be unfamiliar to the auditor.

2.1 Aircraft Level Impact

Each time a NO is documented during an audit, an aircraft level impact (ALI) will
be associated with each open-ended response indicating a possible risk to the aircraft.

2.2 Organizational Categories

Management is interested in the cost implications of discrepancies observed by
the auditors. The set of categories addressing this concern are the Organizational
Categories.
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2.3 AuditID
Audit ID refers to the audit identification number corresponding to an audit. This
is generated by WebSAT.
2.4 Audit Type

Audit Type refers to the different types of audits typically performed, including

the fuel audit, line maintenance audit, ramp operations audit, and supplier audit.

2.5

2.6

Vendor
A vendor is a company providing its services to the airline.

Primary Auditor
Primary Auditor is the auditor primarily in charge of entering the audit data into

the system. Each audit has one primary auditor assigned to it.

2.7

Secondary Auditor
Secondary Auditor is the auditor associated with an audit, but will only take

primary responsibility of entering audit information in case of absence of the primary
auditor.

2.8

Audit Status
An audit status indicates the phase of each audit. WebSAT changes the status

without user intervention. The four statuses used in WebSAT are described below:

2.9

Opened: As soon as an audit has been created in WebSAT, it is in the Opened
status. It remains in this status until the auditor begins entering responses.
Findings: The audit status changes to Findings automatically by WebSAT when
the auditor begins entering audit responses. The audit continues to remain in this
status until an audit report is sent to the vendor.

Corrective Actions: The Corrective Actions status indicates that a report for the
audit has been sent to the vendor and a response is awaited on the audit findings
stated in the audit report.

Closed: WebSAT moves the audit from Corrective Actions to the Closed status
when all the corrective actions received from the vendor are found satisfactory
and have been approved by the auditor. This status indicates that all tasks
associated with this audit have been completed. Although an auditor cannot make
any changes to an audit once it has reached Closed status, he/she can view a
closed audit.

Checklist

Checklist consists of a series of audit questions used by the auditor to assess if

regulatory requirements are satisfied by the vendor. A checklist can be printed from the
View Checklist and Checklist Data Entry pages in WebSAT.
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2.10 Template Checklist

A template is a standard set of questions approved by the manager for a vendor
and an audit type.

2.11 Checklist Revision

Checklist revision refers to a revision of a chosen checklist for an audit type and a
vendor. Checklist revisions can be created from a template or from another revision.
Thus, a revision number identifies every unique creation of various checklists. The
revision number is generated by the system.

2.12 Checklist ID

Checklist ID refers to the checklist identification number generated by the system.

2.13 Process Measures for Technical Audits

The data collected from technical audit checklists will be grouped into categories
to facilitate further analysis and comment on the effectiveness of the technical audit
process. These categories are defined as process measures. Please refer to FAR 121 and
CASE 1A and 3A standards for detailed descriptions of the items listed for all the process
measures. The process measures identified for technical audits are defined below.

2.13.1 Compliance/Documentation

This process measure verifies documentation system, the authorization of
the personnel and administration requirements of vendors and sub-contractors.
Listed below are some of the items evaluated by this process measure:

. Quality programs

b. Certificate forms

¢. Manuals and forms control
d. Paper work control

o

2.13.2 Inspection

This process measure verifies the certification of the inspector, the
sampling procedures of parts, the compliance of parts to specifications, and the
validity of the inspection stamps at the vendor location. Listed below are some of
the items evaluated by this process measure:

a. Fuel truck inspection

b. Fuel farm inspection

c. Hydrant inspection

d. Inspection programs

2.13.3 Facility Control

This process measure verifies that the vendor follows the regulations on
viability of parts and materials, well-maintained facilities and storage, and on
damage protection programs. Listed below are some of the items evaluated by this
process measure:
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Housing and facilities

Material control and storage
Segregation of parts

Packaging

List of shelf items

Shelf life control and material storage

e a0 o

2.13.4 Training and Personnel

This process measure verifies that the vendor employees are adequately
trained and have the required certification to perform operations such as technical
data control and calibration. Listed below are some of the items evaluated by this
process measure:

a. Employee training

b. Verification of personnel

c. List of authorized personnel

2.13.5 Procedures

This process measure verifies that the vendor adheres to regulatory
guidelines for programs such as shipping procedures, testing evaluations, and de-
icing programs. Listed below are some of the items evaluated by this process
measure:

a. Shipping procedures

b. Tool and test equipment (calibration and measurement) and
procurement
Scrapped parts
Work processing
NDT evaluation
Precision tool control
Aircraft anti-tipping and tether maintenance
Aircraft de-icing program
Weight and balance
Ramp operation *

TR e a0

* Note The findings of ramp activities related to administration requirements,
employee training, and dangerous goods are not included in this process
measure.

2.13.6 Data Control

This process measure verifies the availability of up-to-date technical data
concerning parts at a vendor facility. It also verifies the identification of parts in
relation to their testing records and validates the fuel audit records. Listed below
are some of the items evaluated by this process measure:

. Technical data control
b. Record keeping

c. Fuel facility records
d. Fuel vehicle records

o
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e. Pipeline fuel receipts
f. Transport truck fuel receipts

2.13.7 Safety

This process measure verifies the safety of the vendor facility. Listed
below are some of the items evaluated by this process measure:
Safety
Fire protection
Flammable material protection
Aircraft maintenance procedures
Dangerous goods

opo o

Web-based Surveillance & Auditing Too

Welcome to Login Screen

Username | |

Password | |

Change Password

g
4
—é Forgot Passward?

Analyze Aircraft Maintenance Data

Improve Airline Safety

Human Computer Systems Laboratory, Department of Industrial Engineedng, Clemson University, Clemson, S0 29634

Figure 1. WebSAT Login Page
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You can accomplish three tasks using the Login page:

1. Log into WebSAT: To login, type in your Username and Password (see Figure 1) and
click on the Login button. If the information provided is correct, you will be taken to
either the Start New Audit page or the Resume Audit page. You will arrive at the Start
New Audit page if you do not have any audits in opened, findings or corrective actions
status. You will arrive at Resume Audit page if you have audits in the opened, findings or
corrective actions status.

2. Change Password: Click on the Change Password link, to change your password (see
Section 4 for details).

3. Request for Existing Password: Click on the Forgot Password link on the WebSAT
Login page, if you have forgotten your password and are unable to login (see Section 5
for details).

4 Change Password

Clicking on the Change Password link on the WebSAT Login page takes you to
the Change Password page shown in Figure 2. If you wish to exit the Change Password
page, click on the Cancel button to return to the WebSAT Login page.

Web-based Surveillance & Auditing Tool

Technical Audits

Change Password Screen

User Name | |
| —|

Old Password J
New [ |

I { Password |

' Confirm New |
Password |

Identity Question

T 1A

| Select One v|

Analyze Aircraft Maintenance Data [Hlentity Answer
...Improve Airline Safety \—‘

* all fields are required

Figure 2. Change Password Page
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To enter the information required to change your password:

1. Type your username, old password and new password.

2. Verify new password by re-typing it in the Confirm New Password text box.

3. Select your identity question from the drop-down menu shown in the Figure 3
below. The Identity Question field helps you access your password in case you forget
it. For example, you could select “What is your pet’s name?”

Identity Question

:SelectOne

oelect Lne
“What iz wour hbirth place?

YWhat iz wour pet's name?

“What is wour Mother's maiden name?

“What is wour childhood school?

“What is wour farvourite football team?
What iz wour favourite color?
YWhat is wour favvourite spors?

———

—_—

Figure 3. Identity Question drop-down menu

4. Type in the answer to the identity question you selected in the Identity Answer
textbox. For example, you could type in “Rover” as the answer to your pet’s name.

5. Click on the Submit button to submit the
WebSAT and go to Login page.

5 Forgot Password

If you forget your password, click on the Forgot Password link on the WebSAT

If you wish to exit the Forgot Password
page, click on the Cancel button to return to the WebSAT Login page.

Login page to access the page seen in Figure 4.

information you have entered into
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Web-based Surveillance & Auditing Tooi

Technical Audits

Forgot Password Screen

First Name | |

Last Name | |

Email Address! |

Submit ] [ Cancel ]

Analyze Aircraft Maintenance Data

dmprove Airline Safety

Figure 4. Forgot Password Page

To request for your existing password:

1. Enter your first name, last name and email address in the text boxes provided.

2. Click on the Submit button to provide your information to WebSAT. If the email
address provided matches with the one that exists in WebSAT then your password
will be sent to the email address provided.

6 Global Navigation Tabs

Once you login, one of the two pages will appear: (a) Start New Audit (b) Resume
Audit. You will arrive at the Start New Audit page if you do not have any audits in
opened, findings or corrective actions status. You will arrive at Resume Audit page if you
have audits in the opened, findings or corrective actions status.
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T SRy LOGOUT

Technical Audits
Hello Bob Cristo! Help
Audit Tasks Checklists Y Reports \
Start Mew Audit Yiew Checklist Audit Report
Resume Audit Modify Checklist Yendor Assessment
Corrective Actions Mew sudit Type Bepart
Search Audits RIS
Delete Audits

Figure 5. Global Navigation Tabs

This page includes three global navigation tabs at the top: Audit Tasks, Checklists
and Reports. A fourth tab, Administration, exists exclusively for the manager. A
description of the four tabs is provided below:

1. Audit Tasks: This tab includes audit related tasks. The four tasks that can be
accomplished using this tab are:

a. Start New Audit: Click on the Start New Audit link to start an audit. See Section 7
for details.

b. Resume Audit: Click on the Resume Audit link to continue working on an audit
where you left off. See Section 9 for details.

c. Corrective Actions Approval: Click on the Corrective Actions link to approve the
corrective actions provided by the vendor. See Section 12 for details.

d. Search Audits: Click on the Search Audits link to look for audits in any status. See
Section 13 for details.

e. Delete Audits: Click on the Delete Audits link to delete audits. See Section 14 for
details.

2. Checklists: Using this tab, you can perform the four checklist-related tasks listed
below.

a. View Checklist: Click on the View Checklist link to view and print a checklist. See
Section 15 for details.

b. Modify Checklist: Click on this link to modify a checklist. See Section 17 for
details.
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c. New Audit Type Checklist: Click on this link to begin creating a checklist for a
newly created audit type. See Section 19 for details.

d. Approve Checklist. This link is visible only to a manager. Click on this link to
approve modified checklists sent by auditors for approval. See Section 23 for details.

3. Reports: This tab includes the four reports that can be generated by WebSAT.

a. Audit Report: Click on this link to generate a report on an audit. See Section 24 for
details.

b. Vendor Assessment Report: Click on this link to generate a report on a vendor. See
Section 25 for details.

c. Audit Planning Tool: Click on this link to plan a future audit. See Section 31 for
details.

4. Administration: This tab includes the four administrative tasks that managers can
perform.

a. Edit Auditors: Click on this link to add, modify or delete an auditor. See Section
32.1 for details on Edit Auditors.

b. Edit Vendors: Click on this link to add, modify or delete a vendor. See Section 32.2
for details on Edit Vendors.

c. Edit Audit Type: Click on this link to add, modify or delete an audit type. See
Section 32.3 for details on Edit Audit Type.

d. Reassign Auditors: Click on this link to reassign an auditor for an audit. This link
can be used when an auditor in charge of an ongoing audit is unwell and needs to be
replaced. See Section 32.4 for details.

7 Start New Audit

7.1 Purpose

Click on Start New Audit link on the global navigation tab to access the Start
New Audit page (see Figure 6) which allows you to start an audit on a vendor. Note that
an auditor cannot start two audits on the same vendor for the same audit type.
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Hello Bob Cristo? Help
Audit Tasks Checklists Y Reports \
Start New Audit Yiew Checklist Audit Report
Besume Audit Modify Checklist Yendor Assessment
Eeport

Corrective Actions Mew Audit Type

Search Audits ~ “hecklist

Delete Audits

Start New Audit

Please enter the fields below to start an audit

* Audit Type iFSeIect One bl Auditor Name Bob Cristo
*vendor Facility Name | Sslect Audit Type First T, Start Date [ | A
mm/dd/yyyy
Auditor Type @ Primary Auditor

(O secondary Auditar
* Required Field

Subimit

Figure 6. Start New Audit Page

7.2 Task Details
To Start New Audit on this page (see Figure 6):

1. Audit Type Drop-Down Menu: Click on the Audit Type drop-down menu and choose
the type of audit. The red star (*) next to this field indicates it is required in order to start
a new audit.

2. Vendor Name Drop-Down Menu: Choose the vendor name from the drop-down
menu provided. The red star (*) next to this field indicates it is required in order to start a
new audit. The menu selection lists the vendors currently providing services for the
airline for the audit type selection.

3. Auditor Name: This is a label showing the name of the auditor who has logged into
WebSAT.

4. Start Date: Click on the calendar icon next to the Start Date textbox to choose the
audit start date. A pop up calendar (see Figure 7) will display dates of the current month.
The back and forward arrow can be used to navigate from on