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ABSTRACT

Naval Aviation has experienced extensive change in
recent years. Financial constraints, force reductions, and
increasing operation tempo have impacted not only the
material <condition of Naval aircraft, but also the
personnel who maintain them. The Naval Aviation Community
has extensively studied the role of human factors in
aviation mishaps. However, the need to study the impact of
human factors in maintenance on part failures remains. As
replacement parts for aircraft continue to rise in price,
the need to mitigate the unnecessary failure/destruction of
piece parts is and ever increasing priority. This
study examines the relationship between part failures and
human factors by comparing incident rates between VR Wing
with the rest of Naval Aviation. Five hundred safety
incident reports are analyzed; fiscal vyear totals are
determined, and an incident per flying hour rate 1is
computed. Regression results indicate an increasing trend
in human factors related parts incidents; VR compares no

different from the rest of Naval Aviation.
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EXECUTIVE SUMMARY

Naval Aviation like all DOD activities has experienced
extensive change in recent vyears. Financial constraints,
force reductions, and increasing OPTEMPO have impacted not
only the material condition of Naval aircraft, but also the
peréonnel who maintain them. In recent years the Naval
Aviation Community has extensively studied the role of human
factors, especially air crew error, in safety incident
rates. One such effort, the Human Factors Quality
Management Board (HFQMB), was chartered to analyze and
improve each of the processes, programs and systems that
impact human performance in aviation, with the purpose of

dramatically reducing the annual flight mishap rate.

In order to foster future gains the scope of the HFQMB
was expanded to include maintenance. The concern is for the
aging of Naval aircraft, the slowing of replacement aircraft
acquisitions, vertical cuts in aircraft types, force
reductions, and sustaining of current 6PTEMPO. Out of the
HFQMB a Process Action Team (PAT) was formed to look into
the role of human factors pertaining to maintenance in
safety incidences. This led to the development of the Human
Factor Analysis and Classification System-Maintenance
Extension (HFACS-ME) as a model to identify and classify

human causal factors.
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Commander, Fleet Logistics Support (VR) Wing (CFLSW)

has taken a proactive stance on maintenance safety.
In support of this stance this study compares the parts-
related safety incidences of the VR Wing to other similar
Naval Aviation aircraft communities. As funding constraints
tighten, the resources available to maintain VR Wing
material readiness are impacted. Further straining
financial resources, replacement parts for aircraft continue
to rise in price. These constraints make it necessary to
mitigate the unnecessary failure/destruction of piece parts
in order to stretch every available dollar.

This study systematically examines the relationship
between part failures and human factors in those failures.
Of the 500 safety incident reports analyzed, 401 contained
some form of parts-related failure. Those parts-related
incidents are subdivided and categorized through data
exploration process. Fiscal year tallies are generated, and
a rate of incidents per flying hour 1is computed. The
purpose of this data exploration is to obtain a quantitative
baseline for regression analysis and hypothesis‘testing.

This research involves the analysis of Hazard, Mishap,
and Material Failure Hazard Reports of C-130, C-9, and C-20
aircraft, maintained by the Naval Safety Center in the

Safety Information Management System (SIMS) database. The

xXvi




SIMS database 1is used because it 1links human factors to
material failures. From this database 500 material related
incidences ranging from fisgal year 1990 through 1999 are
extracted and an exploratory data analysis is accomplished.
The results of this study provide Commander, Fleet
Logistics Support Wing a baseline with which to raise
maintainer awareness, both within and external to the VR
Wing. The results show an increasing trend in parts-related
" failure. Eventhough the degree which human factors affect
parts failures is not determined, one can infer from the
analysis that human factors in maintenance are impacting

readiness throughout the Naval Aviation community.
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I. INTRODUCTION

A, BACKGROUND

After the crash of an F14 fighter in Tennessee in 1996,
which killed the aircrew members and civilians on the
ground, an investigation of the crash pointed to human
factors as the major cause (Nutwell & Sherman, 19297). This
mishap, along with other similar human factors Dbased
mishaps, prompted immediate reaction by the Commander, Naval
Alr Force Pacific Fleet (COMNAVAIRPAC) to establish a Human
Factors Quality Management Board (HFQMB). This HFQMB was
chartered to analyze and improve each of the processes,
programs and systems that impact human performance in
aviation with the purpose of dramatically reducing the
annual flight mishap rate.

The HFQMB used a three prong approach to get at human
factor issues: Mishap Data Analysis, Benchmarking, and
Climate Safety Assessment. Each provided a different
perspective of the human factor problem. The insights
gleaned by the HFQMB were briefed to the Navy’s Air Board as
well as the senior USMC leadership for consideration and
support. This has led to several changes in Naval Aviation

systems, programs, training, etc., which have notably served




to reduce Class A mishap rate (Schmidt, 1999 personal
communication).

In order to foster future gains the scope of the HFQMB
was expanded to include maintenance. The same three-prong
approach was adapted that was used for aircrew; it was
determined that human factors in maintenance is an important
area to address (Schmidt, Schmorrow, & Hardee, 1998).
Underscoring this concern are those related to the aging of
Naval aircraft, the slowing of replacement aircraft
acquisitions, vertical cuts in aircraft types, and the
sustaining of current operation tempo. The Commander, Naval
Air Systems Command addressed his concerns to the general
Naval Aviation community and emphasized the importance of
effective and preventive maintenance as they relate to
aviation safety (Lockhardt, 1997). His belief was that
through an aggressive and proactive maintenance program,
valuable air assets could be preserved.

The Commander, Fleet Logistics Support Wing (CFLSW), in
order to take a proactive stance on maintenance safety,
enlisted the help of the School of Aviation Safety at the
Naval Postgraduate School, Monterey CA, to examine human
factors in maintenance issues in his organization. This

partnership resulted in two theses, Teeters (1999) and

Goodrum (1999). Teeters, building on a previous effort by




Schmorrow (1998), analyzed and modeled all maintenance
related mishaps in the Fleet Logistics Support (VR) Wing
community using the Human Factors Analysis and
Classification System—-Maintenance Extension (HFACS-ME). He
determined which error forms were most prevalent and
developed a methodology for forecasting the relational
benefit of intervention strategies. Goodrum, expanding an
earlier effort by Baker (1998), employed a Maintenance
Climate Assessment survey to assess the perception of safety
within the same VR Wing squadrons that had experienced the
mishaps analyzed by Teeters. Finally, Sciretta (1999) in an
unpublished letter report analyzed the Naval Safety Center’s
Maintenance Survey findings of the last two years for 13 of
the 14 squadrons in the VR Wing. He identified the more
common maintenance program discrepancies that were prevalent
throughout the wing.

To complete the missing component of the previous human
factor research this thesis compares parts-related safety
incidences of VR Wing aircraft With those of other similar
Naval Aviation communities, (referred to throughout this
theses as “Non-VR” i.e., other Navy and Marine Corps C-130,
C-9, and C-20 aircraft). From the Naval Safety Center (NSC)
Safety Information Management System (SIMS) databasé,

elements of Hazard, Mishap, and Material Failure Reports,




that were “parts related” for all VR Wing type aircraft (C-
130, C-9, and C-20) were collected for analysis. The
incident report information was classified by the degree
human factors contributed to a part failure and whether the
human factors were maintenance-related. Then, the HFACS-ME
was used as a template to determine if the incident occurred
as a result of Squadron or Non-Squadron maintenance
practices. This study compares the findings to the Non-VR

Naval Aviation community.

B. PROBLEM STATEMENT

Recent Department of Defense (DOD) financial
constraints have impacted the VR Community. The decrease in
funding required to maintain VR Wing material readiness has
also had an impact. As vreplacement parts for aircraft
continue to rise in price, the need to mitigate the
unnecessary failure/destruction of piece parts becomes an

ever increasing priority. The present study addresses the

following questions:

1. Is there a difference in the rate of parts-related
safety incidences between VR and Non-VR?

— Is there a trend in VR or Non-VR?

— Is there a difference in human factor (HF) parts-
related safety incidences between VR and Non-VR;
and is there a trend in VR or Non-VR?




~ Is there a difference pertaining to human factor
in maintenance (HF-ME) parts-related safety
incidences between VR and Non-VR; and is there a
trend in VR or Non-VR?

2. Does human factors in the VR community contribute to

a higher incidence of part failures than the rest of
the C-130, C-9, and C-20 community (Non-VR)?

—~ Is there a trend in human factors causing part
failures in VR or Non-VR?

. Is there a difference between Squadron
(organizational level) and Non-Squadron (Depot,
facilities, NAVAIR) human-factor in maintenance (HF-
ME) parts related safety incidences for VR and Non-
VR?

~— Is there a trend in Squadron human-factor in
maintenance causing part failures in VR or Non-VR?
Non-Squadron?

. Does Squadron human factors in the VR community
contribute to a higher incidence of part failures
than the rest of the C-130, C-9, and C-20 community
(Non-VR)? Non-Squadron?

— Is there a trend in Squadron human factors causing
part failures in VR or Non-VR? Non-Squadron?

OBJECTIVE

The purpose of this research is to determine if there

difference 1in the rate of parts related safety

incidences between VR and Non-VR aircraft communities. By

utilizing part failure safety incidences reported in VR

community aircraft mishap, hazard, and material failure

hazard reports, a determination can be made suggesting if

the VR Wing is experiencing undue parts failures as a result

of human factor actions. The association between material
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failures, human factors, and human factors in maintenance
actions is examined to achieve a better understanding of VR
Wing human factor involvement in parts failures as compared

to the rest of Naval Aviation (Non-VR).

D. SCOPE AND LIMITATIONS

This study examines the relationship between human
factor maintenance-related errors and their impact on part
failures for the VR Wing. Each of the three reports (i.e.
Mishap, HAZREP, and Material Failure), éontained in NSC’s
SIMS, are analyzed and classified based on the HFACS-ME.
Once classified, those maintenance-related incidences
requiring repair parts are further examined to determine if
Human Factors contributed to the cause of the failure. The
results achieved from the analysis of the NSC-derived
database are statistically compared (VR vs. Non-VR) to
determine if the VR comﬁunity differs from similar Naval
Aviation communities and if a trend exists indicating a rise
or decline in incident rates.

In a subsequent analysis, these results are further
broken down into Squadron and Non-Squadron related material
failures. Squadron related failures are those actions
performed by Squadron personnel (organizational level); Non-
Squadron related failures are those actions, resulting in
parts failures, performed by other than squadron personnel

6




(i.e., depot, AIMD, facilities, etc.). This comparison
provides the necessary validation to determine the extent
human factors affect repair part failures and ultimately
FSLW material and readiness posture.

Limitations inherent in the databases available include
narrative data, absence of stock/part numbers, unreported
incidences, cannibalizations, unrecorded maintenance,
mislabeled or unidentified (bogus) parts, and possible
duplication of reported incidences. SIMS Database reports

from FY90 — FY99 are used in this study.

E. ORGANIZATION OF THE THESIS

Chapter II, Literature Review, describes initiatives
and analyses in this area of research, NSC reports and
database utilized, and issues related to Human Factors and
material requirements.

Chapter III describes the methodology utilized in this
thesis, including data exploration, ;lassification, data
analysis, linear regression, and hypothesis test procedures.

Chapter v contains the results of  the data
classification, analysis, and hypothesis test.

Chapter v summarizes the conclusions and

recommendations.
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II. LITERATURE REVIEW

A, BACKGROUND

1. Naval Fleet Logistics Support Wing

The Naval Fleet Logistics Support (VR) Wing was founded
in 1974 to provide rapid response, flexible and contingency
air logistic support to U. S. Maritime Forces, anywhere and
anytime. It is composed of 14 Reserve Force Squadrons
consisting of 4,500 personnel and 51 aircraft. Three major
aircraft types make up the VR Wing. The current types of
aircraft are the C-9B/DC-9, the C130T, and the C-20G/D with
27, 18, and 6 each of the respective types in the VR Wing’s
inventory. Within each aircraft type are configuration and
life cycle variances, which may differentiate one aircraft
from another within each type. These differences are due to
modifications, field changes, or phased component
replacements. Additionally, aircraft are at varying ages or
differing stages in their operational life-cycles. Aircraft
require different levels of maintenance depending on the age
and accumulated operating hours. Adding greater diversity
to the VR Wing inventory is the pending arrival of the C-17
aircraft, which will be phased-in to support the growing
worldwide medium and heavy 1lift requirements (Peniston,

1998).




The logistics support that the VR Wing provides ranges
from Inter-theater (Strategic) to Intra-theater
(Operational) to Carrier Onboard Deliver (COD) (Tactical).
In this environment the VR aircraft have compiled over
60,000 flights hours a year, representing 53 percent of the
Naval Reserve Force total program and a $1.7 billion capital
investment. The VR Wing continues to exceed performance
expectations in providing Global Logistics despite the
increased operation tempo and the fact that the age of the
VR aircraft ranges from 18 to 31 vyears. The ability to
respond rapidly to contingency operations has ensured Fleet
mobility and sustainability, while enabling Naval Forces to
operate unencumbered through Maritime Air Logistics (NARA,
1999).

2. Human Factors Quality Management Board

The Human Factors Quality Management Board (HFOMB) was
established to analyze human factor involvement in past
Naval Aviation mishaps and in present Naval Aviation
operations. In particular, it investigated Human Factor
issues affecting tactical aircraft aircrew operations. Its
approach (Figure 1), referred to as the “three-prong
approach”, uses information acquired from three areas, i.e.,
established practices benchmarking, mishap data analysis,

and climate safety assessment. Its goal was to find ways to

10




improve readiness and mission success through controlling

safety related hazards (Nutwell & Sherman, 1997).

Benchmarking
- Action:
M‘l:lx::ll) ?i:ta ’|Recommendation
y to Air Board
Brainstorming
Climate Safety
Assessment

Figure 1. HFQMB Methodology.

From “AIRPAC Brief,” by CDR J. Schmidt, March 1998

The HFQMB efforts yielded significant recommendations
and results. It contributed to the Navy’s safest year in
Fiscal Year 1997. It directly contributed to the Marine
Corps’s safest year in Fiscal Year 1998 and the entiire Naval
Aviation community’s safest year in Fiscal Year 1999. In
light of the HFQMB’s successful strategy of potentially
reducing the number of mishaps attributed to aircrew

operations error, the HFQMB broadened its focus to encompass

11




maintenance operations using the same three-prong approach
(Schmidt, 1998/99 personal communication).

The HFQOMB formed a new Process Action Team (PAT) which
was tasked to assess human factors in maintenance and flight
line operations using the three-prong apprbach since
approximately one out of every five major mishaps involved
maintenance error. Further, maintenance errors were even
more prevalent in mishaps of lesser severity (Schmidt,
Schmorrow, & Hardee, 1998).

3. Material Requirements

In a program, as demand for a part increases, its
associated inventory model will respond by adding more
safety level. This condition puts a stress on the
organization’s budget because inventory used to meet that
demand will need to be acquired, in addition to the
increased safety level. If maintenance-related human
factors are a significant cause of this increase in demand,
then identifying and reducing the causal factors will reduce
the stress on the budget, which has the added feature of
improving readiness.

The Naval Safety Center Data Base (NSCDB) SIMS, is the
only resource which links human factor maintenance-related
errors to material failures/part failures. A thorough

comparison of FLSW parts related failures using the NSCDB
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with similar Navy parts related failures will indicate the

impact human factors have on the VR Wing, whether a
significant difference between the two communities (VR and
Non-VR) exists, and if the incident rate is changing. These
results infer the degree to which human factors affect the

VR Wing’s material readiness and inventory requirements.

B. NAVAL AVIATION SAFETY PROGRAM

The Assistant Chief of Naval Operations (ACNO) Air
Warfare has oversight responsibility for the Naval Aviation
Safety Program. It includes all activities that may detect,
contain, or eliminate hazards in ©Naval Aviation. It
includes military and civilian personnel. It is based on the
doctrine of necessitarianism and the belief thaﬁ elimination
of causal factors will inevitably reduce hazardous events
[Department of the Navy (DON), 1991]. Based on this
doctrine, it is through preventive measures that hazards can
be eliminated thus preserving life and equipment (DON,
1991).

The Naval Aviation Safety Program was established to
preserve human and material resources. It is monitored and
tracked by the Naval Safety Center (NSC) (DON, 1991). NSC
manages and retrieves aviation safety data which includes
Mishap Investigation, Hazard, and Material Failure Hazard
Reports.
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1. Database

a) Mishap Infestiga tion Reports

A mnmishap 1s defined as an unplanned event or
series of events directly involving naval aircraft, which
results in $10,000 or greater cumulative damage to .navél
aircraft or personnel injury. The Mishap Investigation
Report (MIR) is intended to report those hazards which are
the causé of the reported mishap, damage and/or injury
occurring during the mishap (DON, 1991). MIRs provide
interested commands with notice of a mishap, preliminary
information about the mishap, and mishap investigation

progress.

b) Hazard Reports

A hazard is defined as a potential cause of damage
or injury. As described in section (B) above, the Naval
Aviation Safety program operates on the Dbelief that
elimination of causal factors will eliminate hazards.
Therefore, the Naval Aviation Safety Program is désigned to
identify and eliminate hazards before they result in a
mishap. The Hazard Report is intended to eliminate hazards
via three methods; 1) report a hazard and remedial action
taken, allowing others to identify the hazard and take

necessary action to eliminate it, 2) report the hazard and
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recommend corrective action to other organizations to

eliminate the hazard, 3) report the hazard in order for
another organization to determine corrective action to
eliminate the hazard. An HR is submitted whenever a hazard
(potential cause of damage or injury) is identified/detected
(DON, 1991). The HR is wused for hazard elimination
information, while the MIR is used once a hazard results in

a mishap. (DON, 1991).

c) Material Failure Hazard Reports

The Material Failure Hazard Report (MF-HR) is a
subset of the HR data within SIMS. MF-HRs are identifiable
as those hazard reports in which a material failure occurred
or resulted from the incident/hazard. Submission
requirements and purpose parallel that of the HR.
C. THE HUMAN FACTORS ANALYSIS AND CLASSIFICATION SYSTEM-
MAINTENANCE EXTENSION

Originally implemented to assist in the identification

and classification of aircrew mishaps (Shappel & Wiegmann,
1997), the Human Factors Analysis and Classification System
(HFACS) was adapted by Schmidt, Schmorrow, and Hardee (1998)
as a tool to analyze maintenance related human conditions.

The adapted model is illustrated in Table 1.
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Table 1.

HFACS Maintenance Extension Categories

First Order

Second Order

Third Order

Supervisory
Conditions

Maintainer
Conditions

Working
Conditions

Maintainer
Acts

Unforeseen

Squadron

Medical

Crew Coordination

Readiness

Environment

Equipment

Workspace

Error

Violation

Hazardous Operations
Inadequate Documentation
Inadequate Design

Inadegquate Supervision
Inappropriate Operations
Failed to Correct Problem
Supervisory Violation

Mental State
Physical State
Physical/Mental Limitation

Communication
Assertiveness
Adaptability/Flexibility

Preparation/Training
Qualification/Certification
Violation

Lighting/Light
Exposure/Weather
Environmental Hazards

Damaged
Unavailable
Dated/Uncertified

Confihing
Obstructed
Inaccessible

Attention
Memory
Rule/Knowledge
Skill

Routine
Infraction
Exceptiocnal

HFACS-Maintenance

Extension

(ME) , consists of a

hierarchy of maintenance related orders which are broken

down into three levels or orders.

second,

and third order conditions,
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causal factors within the HFACS-ME hierarchy. Table 1
summaries the HFACS-ME hierarchical structure from the broad
to micro category.

The first order consists of four broad human error
categories. The first three, Supervisory Conditions, Working
Conditions, and Maintainer Conditions represent latent
conditions that may influence or impact a maintainer’s
performance, and lead to an active failure or ultimately, a
mishap. The fourth first order category is Maintainer Acts.
This final category includes active failures in which the
maintainer’s action directly contributes to the maintenance

error.

D. PART FAILURE ANALYSIS

As 1is the case with most systematic analyses, many
factors remain hidden in the details, never to surface until
a tragedy or impromptu investigation discovers the anomaly.
This section provides a detailed description of the studies,
effort, and ongoing initiatives 1in the aviation arena.
However, these initiatives do not include an analysis of
part failures from a readiness perspective. This study
examines the degree to which parts are failing as the result
of maintenance actions.

If human factors are significantly affecting the
expected life of repair parts, then it can be inferred that
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human factors are degrading the readiness of the VR wing
and/or naval aviation as a whole. Comparing the rate of
occurrence of human'factor parts related incidents between
VR and Non-VR is a first-step in identifying causal factors.
This study determines statistically the correlation between
human factors and parts failures. Further, it proves
statistically whether the VR community is experiencing a
greater human factor parts impact than Non-VR communities

using similar aircraft types.

E. SUMMARY

The evolution of the HFQMB and the maintenance PAT
development have had a significant impact on the Naval
Aviation Safety Program. This heightened awareness has
influenced the VR Wing to institutionalize a proactive’
environment for the reduction of mishaps and elimination of
hazards related to mainfenance. The high OPTEMPO, when
combined with dwindling financial resources and aging
aircraft, has prompted the Commander of the VR Wing to
request assistance from the Naval Postgraduate School’s
School of Aviation Safety. His belief is that an active
analysis of maintenance practices and procedures will help
eliminate causal factors, and in particular, those causal

factors which are related to human factor conditions.
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This study utilizes the HFACS-ME taxonomy to analyze
the maintenance related mishap, hazard, and material failure
hazard reports to evaluate if VR is causing substantial
material failures due to Human Factors, and then to
determine if these failure rates are equivalent Navy-wide.
Derived from the HFACS, the maintenance extension is a
proven tool @ to assisf in the identification and
classification of human error and the related causal
factors.

This study focuses on incidences in which part failures
occur in order to develop a baseline for the population.
Once the population is established, it is tied to the first,
second, and third order categories in the HFACS-ME, Table 1.
By analyzing the trends relevant to these part failures one
can statistically evaluate the degree Human Factors impacts
the material readiness of the VR wing, and make a comparison
between VR and Non-VR to determine if CFLSW has a
significant human condition causing a degradation in the

material readiness of the wing.
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ITII. METHODOLOGY

A, RESEARCH APPROACH

The intent of this study is to analyze data collected
and maintained by the Naval Safety Center (NSC). The
approach includes the extraction of material
failure/deficiency related reports for the C-130, C-20, and
C-9 aircraft from the Safety Information Management System
(SIMS) database. This data consists of three types of
reports, Material Failure Hazard (MF-HR), Mishap Hazard (MH-
HR), and Mishap Investigation(MIR) Reports. These reports
are formatted in accordance with OPNAV 3750.6 series. The
format consists of a narrative section which describes the
event and possible causal factors. A sample report is
provided in Appendix A.

A review of 401 reports containing part failures 1is
accomplished. These reports are segregated by VR and Non-
VR. The reports are classified by cauéal factors using the
Human Factors Analysis Classification System~Maintenance
Extension (HFACS-ME) and evaluated using regression analysis
and hypothesis testing techniques. The HFACS-ME is then
expanded to determine which maintenance related human factor
components are the result of squadron or non-squadron

actions.
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B. DATABASE

The SIMS database, maintained by NSC, is a compilation
of occupational and operational reports (i.e., Personnel
Injury Reports (PIR) and Mishap Investigation Reports (MIR))
received from Navy and Marine Corps activities. The
database 1is populated through manual entry in ASCII format
(Sciretta, 1999). It was queried for reports containing
material failures on Navy and Marine Corps C-130, C-20, and
C-9 aircraft communities. A total of 500 material related
failure reports were obtained. The resulting reports
included Material Failure Hazard Reports (MF-HR), Mishap
Investigation Reports (MIR), and Mishap Hazard Reports (MH-
HR) from FYS0 - FY29. Each report contains similar fields of
data (Appendix A). Data includes the event number, date,
hazard type (i.e., general, flight related or ground mishap,
and class), aircraft model, controlling custodian (i.e.,
Naval Reserve, MARFORPAC, COMNAVAIRLANT), event summary, and

causal factors.

C. PROCEDURE

The resulting ASCII format output files from querying
the SIMS database were saved in Microsoft Word format. Once
in Word format each report is further formatted, extra
spacing removed, text 1is “word-wrapped” and condensed
through manual effort to facilitate the analysis. The
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narratives and causal factors are studied to determine if a
part failure occurred, and a new subset of data is created.
This data set is referred in this thesis as “Total Part
Failures” (TPF). It includes those reports in which a part
caused a reported safety incident or failed as a result of a
reported safety incident. This TPF data set 1is further
analyzed to determine if the part failure is related to the
following - (Figure 2 describes the data set relationship and

the flow of the analysis):

e Human Factors
e Human Factors related to a maintenance action

e Maintenance action directly contributed to the part
failure

e Caused further damage

e Squadron or Non-Sgquadron

As described in Figure 2, the initial query of the NSC
SIMS database resulted in 500 MIR, MF-HR, and MH-HR Reports
for C-130, C-9, and C-20 aircraft. Once formaﬁted, the
narratives are analyzed to determine which events contain
part failures. This sub-classification produced 401 report
narratives (80%) indicating some form of part failure (i.e.,

wear-out, breakage, shutdown). Using the 401 part failure
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occurrences, the next step separates those reports where

human factors are involved.

Naval Safety Center Database
Material Failure Hazard Reports (MF-HR)
Mishap Reports
Mishap Hazard Reports (MH-HR)

Incidents with part failure

(TPF) N
- \//

Human Factor Related

f— @ )

Human Factor Analysis and Classification
System-Maintenance Extension Related
(HFACS-ME)

Squadron Related
HFACS-ME

82

Non-Squadron Related
HFACS-ME

87

HFACS-ME contributed

directly to Part Fajlure

(PT Fail)
81

Figure 2. Hierarchical Data Flow

Of the 401 reports ihdicating a part failure, 160
indicate some form of human factor invol&ement (40%) . These
160 are subjected to the HFACS-ME extension to determine
which human factor events are maintenance related. 147 of
the 160 human factor report occurrences (92%) contain some
form of maintenance action, latent and/or active.

A running tally of each subset is maintained as the

SIMS data set 1is subjected to further analysis. The next

24



step determines which, if any, of the 147 HFACS-ME related
part failures were caused directly or indirectly through
maintenance error, or that the maintenance error contributed
to the part failure. Of the 500 reports analyzed, 87
indicated a maintenance related human factor event
contributed directly or indirectly to the part(s) failure
(17%) . The results of each step in the analysis are then
subdivided into two groups. The first group is the VR Wing
interest; the second 1is Non-VR Naval Aviation for the
aircraft types C-130, C-9, and C-20.

A subsequent data analysis is conducted wusing the
HFACS-ME subset (147 records). The HFACS-ME model 1is
applied to this data set to determine which recards indicate
the part failure was the cause of an action on behalf of the
squadron and/or of another facility, such 'as a depot,
general facilifies personnel, Naval Air Systems Command,
etc. It is noted that multiple human factors may be
involved (Appendix A), and an event may include both a
squadron error as well as a non-squadron error. In this
case, an event is tallied twice, one a squadron error, one a
non-squadron error.

The same analysis is then applied to the HFACS-ME part
failure subset (81 reports) to gain some insight into

whether squadron or non-squadron activities are contributing
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to the failure of parts either directly or indirectly, and
to what extent these failures are occurring. The resulting
subset includes 51 squadron related (63%) and 43 non-
squadron related part failures (53%) resulting from human
factors in maintenance.

This information is entered into a Microsoft Access
table, queries are run, and tallies are generated for each
category/subcategory (i.e. HF, HFACS-ME, HFACS-ME part
failure, Squadron, Non-Squadron). This tally information is
entered into a Microsoft Excel workbook (Flying Hour
Worksheet) described in Appendix B. Annual flying hour data
provided by NSC is also entered into the worksheet. Yearly
tallies are accumulated, and events per flying hour rates
are calculated (Appendix B).

The event rate is derived by dividing the fiscal year
tallies collected in the data analysis by the number of
flying hours reported for each aircraff type, and command.
For example, the total part failures for a given fiscal year
are divided by the flying hours for that same fiscal year
(i.e. tally/flying hours = event rate) for VR and then Non-
VR. This step is repeated for each subset of data and for
each aircraft type.

The resulting ratio forms the basis for the comparison.

Appendix B contains the tally (count), flying hours, and the
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resulting ratios. A graphical representation of the ratios
are include in Appendix C. This appendix provides a visual
representation of the scope of differing ratios for each
subset of data and/or aircraft type.

The ratio data are then input into another Excel work
sheet. Using Excel statistical functions a regression
analysis 1is run (Levine, Berenson, & Stephan, 1998). The
regression analysis is chbsen as a means of examining these
ratios and their relationship. By using a linear regression
one can determine if a correlation exists between VR and
Non-VR, and the strength of the association between the
fiscal year and the rate of parts-related incidents (Levine,
et al, 1998).

The resulting regression lines are then subjected to
two hypothesis tests using the twd—tailed. t-test with a
significance level of alpha = .1 (Levine, et al, 1998). In
the first test, the two-tailed t-test is wutilized as a

hypothesis testing tool to determine if the slopes of the VR
Wing regression line (Bl) differs from slope of the Non-VR
regression line (yl). The observed t-statistic is computed

as,

ﬁl—};l
1

\/Z(Xl,i—Z)z +Z(X2,i—z)2
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If the hypothesis test (Bl = yl1) cannot be rejected then the
slopes_of these lines are statistically the same. If the
slopes are the same then one infers that the VR rate of
parts-related incidents is not any different than the rest

of Naval Aviation.

In the second test, the regression lines are subjected
to an independent hypothesis test (Bl = 0) to determine if a

trend exists between the tally/flying hour ratio and the
fiscal year. If the hypothesis is rejected then one infers
that there 1is a trend. The direction of the trend is
determihed by the sign of the.slope (i.e. increasing trend
for positive slope, decreasing trend for negative slope).

Excel automatically computes the observed t-statistic for

this test.

D. DATA ANALYSIS

1. Data Tabulation VR vs Non-VR

Each report provided by NSC includes varying levels of
detail. As each event i1s analyzed a tally is maintained for
each general category. The tally results are subjective in
nature as the report narratives do not necessarily state
what causal factors are inherent in each incident. The

tallies are categorized base on the author’s assessment of

the available information.
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The following categories are described (Figure 2

refers):

1) reports in which a part failure occurred (TPF);

2) reports that had a part failure in which the
narrative includes some form of human factor
involvement;

3) the human factor included an activity, latent or
active, .addressed in the HFACS-ME model (Table 1
refers); and

4) the activity resulted in the part failure.

Each event is tallied according to the general category for
VR and Non-VR aircraft and aircraft type.

2. Data Tabulation Squadron vs Non-Squadron

Subsequent to the tabulation conducted above, the data
tally relating to the general category HFACS-ME is further
subdivided. As an extension to the HFACS-ME matrix, the
same criteria is applied as if the HFACS-ME act were the
result of squadron (SQON) actions or non-squadron (Non-SON)
actions. Squadron causal factors are the result of squadron
or organizational (O-level) personnel; non-squadron actions
are the result of personnel not assigned to the squadron.

Examples of non-squadron activities include depot

29




maintenance facilities, non-squadron airport facilities
personnel (i.e., fire/rescue and ground personnel).

3. Statistical Analys%s

The number of parts related failures for each general
category and aircraft type (C-130, (C-9, (C-20) are
accumulated during the data tabulation phase and divided by
the flying hours for the fiscal year in which the event
occurred. The resulting tally-per-flying hour rates form
the baseline for the statistical analysis. Each set of
yearly rates describe a unique linear regression line which
is compared against its counterpart (VR Vs Non-VR), and
plotted (Appendix C). Microsoft Excel 1is used to process
the regression analysis. Excel does this automatically with
Tools/Data Analysis/Regression function.

For the purpcse of this studyifhe fiscal year is the
independent (x) variable and the tally/flying hour ratio is
the dependent (y) wvariable. Results are listed in Appendix
D. The results of the regression analysis are then
subjected to a hypothesis test to compare the slope of the
regression line for VR against thé slope of the regression
line of Non-VR. This hypothesis test is conducted for each
general category/subcategory containing adequate data points

to warrant testing. The null hypothesis being tested is

whether the VR slope (Bl) equals the slope of the Non-VR
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(yl) regression line (Bl = yl). A t-statistic test for the
null hypothesis is applied to each general category and to
the C-130 aircraft type as a subcategory.

Each regression line is further analyzed to determine
if a trend exists. The null hypothesis suggests that if
the slope of the regression line equals zero (f1 = 0), then
there is no trend inherent in the data. A two-tailed t-test

is conducted with a= 0.1. If the p-value resulting from

the regression analysis 1s less then a the null hypothesis
is rejected suggesting an upward or downward trend does

exist.
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IV. RESULTS

A. INTRODUCTION

Using simple linear regression as a tool to analyze
data leads to many ethical considerations. Issues include
data contamination, human error in data interpretation,
inappropriate level of significance selection, test
selection (one or two tailed), and data cleansing (Levine,
et al, 1998). Throughout the data exploration phase every
precaution is taken to attain the most accurate test results

possible.

B. HYPOTHESIS TESTING VR COMMUNITY

The resulting p-values of the hypothesis test B1 0

for the VR community are displayed in Table 2. The column
headings represent the HFACS classification while the row
headings represent the total community and the subset of
type of aircraft. Given a level of significance of .1 the
data suggests rejecting the null hypothesis for each of the
“total <classifications.” Rejecting the null hypothesis
indicates that there is a statistical relationship between
the independent wvariable (fiscal vyear) and the dependent
variable (parts-related incidents per flight hour). For VR

as a whole this suggests that the parts-related incidents
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per flight hour that are reported annually are increasing
each year. It also indicates an increase in parts—related
Human Factors incidents, and parts-related Human Factor
Maintenance incidents. Most importantly, though, it
indicates that there is an increasing trend in the rate of
Human Factors causing material failure. In particular, this
increase appears to be highly influenced from the VR C-9.
It is worthy to note that the trend is based on 10 years of
data. Fiscal year 1999 shows a significant drop in the
parts-related incidents per flight hour. Although one data
observation does not in itself signal a trend, in this case,
due to the Navy’s concerted effort to implement improved
safety programs in the past two years, the significant

decrease could be a signal of a downward trend.

Table 2. VR Community Hypothesis Test (f1=0) p-values

TPF Human HFACS-ME PT Fail
Factors
Total .00016 .03355 .04182 .00949
C-130 .06386 .12203 .08517 .42561
c-9 .53018 .23424 .29773 ' .06535
Cc-20 77672 .92369 .92369 N/A
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Regression was not conducted in those areas where data did

not exist and is represented by N/A in Tables 2 through 8.

C. HYPOTHESIS TESTING NON-VR COMMUNITY

The resulting p-values of the hypothesis test 1 0

for the Non-VR communities are displayed in Table 3. Column
headings are exactly the same as those for the VR community.
Given a level of significance of .1 the data suggests
rejecting the null hypothesis for each of the “Total”
classifications and for each of the “C-130” classifications.
There was not enough data to generate regression lines for
the “C-9” and “C-20” classifications. Rejecting the null
hypothesis indicates that there is a significant
relationship between the fiscal year and the parts-related
incidents per flight hours. Also, as in the VR community,
the data suggests an increasing trend in Human Factors
causing parts failures. It is noted that, as in the VR
community, fiscal year 1999 rate of Human Factors causing
material failures dropped from fiscal year 1998. Based on
the navy’s efforts in implementing better safety programs
this “drop” could be a signal of a downward trend. It is
also noted that the C-130 community is influencing the

increasing trend.
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Table 3. Non-VR Hypothesis Test ($1=0) p-values

TPF Human HFACS-ME PT Fail
Factors
Total .00998 .03264 .03696 .00954
C-130 .04654 .06448 .07885 .06537
c-9 N/A N/A N/A N/A
Cc-20 N/A N/A N/A N/A

D. HYPOTHESIS TESTING SQUADRON RELATED HFACS-ME

The resulting p-values of the hypothesis test B1 0
for the squadron related HFACS-ME are provided in Table 4.
Given a level of significance of .1 the data suggests

rejecting the null hypothesis for HFACS-ME for the VR

community and HFACS-ME C-130 for the Non-VR communities.

Table 4. Squadron HFACS-ME Hypothesis Test (B1=0) p-values

VR NON-VR

Total .05587 .44159
C-130 .81390 .09768
c-9 .70052 N/A

c-20 N/A N/A
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Rejecting the null hypothesis suggests the slope of the
regression line is not zero, which means a trend exists, in

these two cases, increasing trend.

E. HYPOTHESIS TESTING NON-SQUADRON RELATED HFACS-ME

The resulting p-values of the hypothesis test Bl = 0
for the Non-squadron related HFACS-ME are provided in Table
5. Given_a level of significance of .1 the data suggests
ejecting the null hypothesis for HFACS-ME for the VR and

Non-VR communities.

Table 5. Non-Squadron HFACS-ME Hypothesis Test (B1=0) p-
: values

VR NON-VR

Total .03507 .03751
C-130 .70806 .99069
c-9 .65016 N/A

C-20 .86085 N/A

F. HYPOTHESIS TESTING SQUADRON AND NON-SQUADRON RELATED
HFACS-ME PART FAILURES

The resulting p-values of the hypothesis test B1 0

for the Squadron and Non-Squadron related HFACS-ME related

part failures are provided in Table 6. As discussed in
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Chapter III this data set consists of occurrences in which
the human factors in maintenance caused, directly or
indirectly, the part to fail. Given a level of significance
of .1 the data suggests rejecting the null hypothesis for
all but Squadron VR maintenance related part failures. This
means that there appears to be no significant increase or
decrease of Squadron human factors causing part failures in
the VR community. The same cannot be statistically shown
for Squadron human factors causing parts failures in the
Non-VR community, nor can it be shown for Non-Squadron human
factors causing parts failures within the Navy/Marine Corps
combined logistics community. In other words, all non-
squadron activities which maintain VR and Non-VR aircraft
are showing an increased propensity to cause parts to fail.
The same can be salid for squadrons maintaining Non-VR

aircraft.

Table 6. Squadron and Non-Squadron HFACS-ME Part Failure
Hypothesis Test (Bl1=0) p-values

SON NON-SON

VR .25865 .00159

Non-VR .02727 .08084
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The VR squadron graph in Appendix C suggests this
result may be skewed as fiscal years 92 through 94 data
points remained constant with little to no variation. This
is an anomaly when considering all the data analyzed in this

research.

G. HYPOTHESIS TEST VR VS NON-VR

The results of the hypothesis test comparing VR
regression line slope (Pl) against Non-VR (yl) regression
line are contained in Tables 7 and 8. The test can only be

conducted for those data sets where both VR and Non-VR

regression analysis could be conducted.

Table 7. VR vs Non-VR Hypothesis Test (Bl=yl) t-statistic

TPF Human Factors HFACS-ME PT Fail

Total .24409 -.58252 -.60293 -.86256

C-130 .97110 .22408 .34882 -.84114

Based on these results the null hypothesis (Bl = y1) cannot
be rejected for any category. The slopes of the
corresponding regression lines are not statistically
different and therefore indicate no difference in the

failures per flight hour rates. Even though the rates are
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increasing, it appears that VR 1is not Dbehaving any

differently than the rest of the Navy.

Table 8. Squadron and Non-Squadron VR vs Non-VR Hypothesis
Test (Bl=yl) t-statistic

SQON Non-SQON SON Non-SQN

PT Fail PT Fail

Total -.14101 -1.00433 -.93707 -.18079

C-130 -.83693 .27211 N/A N/A

H. SUMMARY

The use of regression analysis is a wvaluable tool to
draw conclusions abéut a given population. This study uses
inferential statistics, including data collection,
exploration, presentation, regression, and the analysis of
the data through hypothesis testing. Limitations in the
available data can affect the results. |

Results from this analysis indicates increasing trends.
However, are these trends the result of aging aircraft,
increased OPTEMPO, or unqualified/trained personnel? Are
the increasing trends the result of heighten awareness, and
the belief within Naval Aviation that reporting these types

of incidents/events will not damage one’s career? Or, is
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this the result of more safety reports being initiated

fleet-wide in an effort to mitigate the loss or life or
property? The questions posed are not resolved here, but
are left with the Naval Aviation Safety Program to shed some
light.

Another issue potentially affecting the data is that
during this time period the Navy was experiencing Base
Realignment and Closure (BRAC), which resulted in numerous
activity consolidations and disestablishments. This fleet
wide activity may have influenced incident reporting during

the time period.
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V. CONCLUSIONS AND RECOMMENDATIONS

This study examines the relationship between part
failures and human factors in maintenance involvement in
those failures. Of the 500 safety incident reports
analyzed, 401 contained some form of parts-related failure.
Those parts-related incidents are subdivided in accordance
with the data exploration process discussed in Chapter III.
Fiscal year tallies are generated and divided by the total
fiscal year flying hours to compute a rate of incidehts per
flying hour. The purpose of this data exploration was to
obtain a quantitative baseline for regression analysis and
comparison hypothesis testing.

The Naval Safety Center Safety Information Management
System database is used because it links human factors to
material failures. Consisting of narrative events, the data
contained in this data base enables a subjective assessment
of the role of human factors in the part failures. The
foundation of this study is that if the slopes of the VR and
Non-VR regression lines are equal than there is no
difference between the VR community and the rest of similar
Naval Aviation communities regardless of trend. This
hypothesis is tested at the 10% significance level or 90%

confidence level.

43




The results are presented in Chapter IV. The questions
asked in this study are designed to solicit perceptions
about the potential impact human factors have on part
failures and ultimately material readiness. Data results
form the  Dbasis for the following conclusions and
recommendations regarding trend analysis, the impact of
human  factors on ©parts reguirements, and potential
differences between VR and Naval Aviation. Also discussed
are additional recommendations for reporting material safety

incidents and follow-on research.

A, VR AND NON-VR PARTS RELATED SAFETY INCIDENTS

1. Conclusion

As shown 1in Chapter IV, statistically there is no
difference in the rate of parts related, human factor, or
human factor in maintenance safety incidences between VR and
Non-VR communities. However, the results of this study do
indicate an increasing trend of human factor involvement in
parts failures for the VR community as well as Non-VR
activities. One can infer from the analysis that human
factors in maintenance may be impacting readiness in both VR
and Non-VR squadrons. Although there may be many causes for
the existenée of an increasing trend, the presence of 