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Abstract: This study presents an integrated approach combining Safety-I and Safety-II methodologies
to overcome the practical limitations of field management of failure cases during aircraft operations.
Despite advanced aviation safety systems, recurring operational failures suggest that the current
Safety-I-centered reactive approach alone is insufficient. Using the HEAR (Human Error Analysis
and Reduction) framework, we analyzed three types of failure cases related to FMS (Flight
Management System) operation, turbulence response, and aircraft energy management. Results
showed that 87% of all causes were organizational factors, significantly higher than individual/task
factors (13%). Based on these findings, this study newly defines resilient behavior” as “the repetitive
behavior or capability of flight crews who can successfully manage adverse events by effectively
utilizing aircraft systems, having the ability to predict and plan for adverse events, based on high-
level effective learning.” By integrating this concept with FSF LAO (Flight Safety Foundation’s
Learning from All Operations) PAM (Pressures, Adaptations, Manifestations) framework and AA
LIT (American Airlines” Learning and Improvement Team) LPAC (Learn, Plan, Adapt, Coordinate)
model, we developed practical guidelines to transform failure cases into resilient success cases.
Effectiveness evaluation demonstrated improvements in organizational issues and the need for
qualitative enhancement of education/training systems. This integrated approach provides a
practical foundation for shifting the aviation safety management paradigm from ’failure prevention’
to ’success expansion’ through strengthening safety managers’ analytical capabilities and
establishing systematic education.

Keywords: safety-I; safety-II; aviation safety; resilient behavior

1. Introduction
1.1. Research Background

The aviation industry maintains very low accident rates and high safety through continuous
technological development and improvement of safety management systems [1]. While catastrophic
aircraft accidents have significantly decreased through advanced technology and data-based
systematic accident analysis systems, small and large failure cases still occur in daily operations.

Analysis of Airline A’s failure cases revealed major limitations in the current Safety-I based
approach. First, there is a tendency to focus only on the surface causes of failures, procedural
compliance, and field personnel capability enhancement, making it difficu to solve fundamental
problems. Second, systematic analysis and identification of root causes cannot be properly conducted
due to safety managers’ limited resources. Third, there is a lack of proactive prevention due to the
reactive approach that focuses on responding after accidents occur. These limitations have led to the
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repetitive occurrence of similar failure cases, suggesting the need for a new review of current safety
management systems and education/training methods.

1.2. Research Objectives

This study aims to improve the aviation safety management system by integrating Safety-I and
Safety-II methodologies.

1. Systematically analyze the root causes of failure cases through Safety-I methodology and
identify deficiencies in current safety management.

2. Define “flight crew’s resilient behavior’ based on Safety-II methodology and propose methods
to transform failure cases into resilient success cases.

3. Transform the safety management paradigm from ’failure prevention’ to 'success expansion’
through integrated application of both methodologies, thereby enhancing organizational safety
culture.

1.3. Research Process

This study was conducted through the following systematic process.

Section 2 examines the theoretical development and framework of safety management systems.
The paradigm shift in safety management concepts was reviewed, and the characteristics, limitations,
and integration possibilities of Safety-I and Safety-II methodologies were analyzed. In particular, the
theoretical foundations of the HEAR (Human Error Analysis and Reduction) framework, LPAC
(Learn, Plan, Adapt, Coordinate) model, and PAM (Pressures, Adaptations, Manifestations)
framework were examined to establish methods for application in the aviation safety field.

Section 3 analyzes failure cases and safety management behavior through Safety-I methodology.
Three types of failure cases related to FMS operation, turbulence response, and energy management
were selected and systematically analyzed using the HEAR framework. The analysis revealed that
87.1% of all related factors were organizational, confirming that the root causes of failures lie at the
organizational rather than individual level.

Section 4 develops a resilient behavior framework for flight crews. Reflecting Safety-II
characteristics, ‘flight crew’s resilient behavior’ was newly defined, and the SRK (Skills, Rules,
Knowledge) framework and metacognition-motivation theory were applied as theoretical
foundations. Resilient behavior enhancement methods were derived for each case, and specific
behavioral guidelines were developed through the PAM framework and LPAC model.

Section 5 presents an integrated approach of Safety-l and Safety-1I. A systematic process for
transforming failure cases into resilient success cases was developed, and the effectiveness of the
proposed integrated safety management approach was evaluated. Through Why-Because Tree
analysis and quantitative analysis, effects such as reduction of system-related issues, need for
qualitative improvement of education/training, and strengthening of field-centered practical
approaches were confirmed.

Section 6 summarizes the main findings and practical implications of the research, and presents
limitations and future research directions. The study confirms that the integrated approach can
contribute to shifting the aviation safety management paradigm from ’failure prevention’ to ‘success
expansion,” and suggests the need for empirical studies across various aviation sectors and long-term
effect verification.

Through this systematic research process, improvement measures for aviation safety
management systems integrating Safety-I and Safety-II methodologies were derived, and practical
guidelines applicable to actual aviation operations were presented.

2. Development of Safety Management Systems and Theoretical Framework

2.1. Evolution of Safety Management Concepts
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The approach to safety management has evolved over time as follows. During the early
Industrial Revolution period, the main causes of accidents were considered technical issues, focusing
on improving machine reliability and preventing technical defects. As technology gradually became
more reliable, attention shifted to human error, and concepts such as human-machine interaction,
ergonomics, and human reliability assessment became important. In modern times, accident causes
are recognized as organizational defects, culture, and structural issues, emphasizing the importance
of safety management systems and organizational processes and culture [2].

2.2. Modern Safety Management Paradigm Shift

Safety management systems have developed into two major approaches during their evolution.
The traditional safety management approach, Safety-I, defines safety as “a state with as few adverse
effects as possible” and focuses on preventing accidents and failures [2-4]. This approach assumes a
linear relationship between cause and effect and manages safety through standardized procedures
and regulations [3].

2.2.1. Characteristics and Limitations of Safety-I

The traditional safety concept Safety-I is recognized as a very useful approach in pure technical
systems. However, it shows clear limitations in dealing with safety problems in modern complex
socio-technical systems. In particular, its reactive characteristic that focuses on response after accident
occurrence makes effective prevention difficult. Also, its limited view of considering humans as
system vulnerabilities and negative perception of performance variability are cited as major
limitations that hinder flexible response in actual operating environments [2,3,5].

2.2.2. Emergence and Core Characteristics of Safety-II

Safety-II, which emerged to overcome these limitations, redefines safety as “a state where the
system operates successfully” and emphasizes understanding of daily success. This approach
recognizes humans as essential resources for problem solving and seeks to strengthen system
resilience [2—4].

Safety-II presents four core elements. First, the ability to respond appropriately to threats or
opportunities; second, the ability to flexibly monitor environmental changes and performance; third,
the ability to anticipate and prepare for potential situations in advance; and fourth, the ability to learn
effectively from past experiences. These elements are the core capabilities that enable a system to
adapt and operate successfully even in unexpected situations [4,6].

2.2.3. Integration Possibility of Safety-I and Safety-II

Safety-I and Safety-II have complementary characteristics [2,3,5] that make effective integration
possible. Safety-I provides systematic analysis and standardized procedures, while Safety-II enables
adaptive response and strengthens system resilience. This integration allows balanced pursuit of
failure prevention and success expansion. Also, by comprehensively considering organizational
systems and human factors, more comprehensive and effective safety management becomes possible.
This has particularly important meaning in solving safety problems in the aviation industry with
high technological complexity. Such integrated approach is expected to contribute to enhancing
organizational safety culture and building a sustainable safety management system.

2.3. Research Methodology

2.3.1. Safety-I Analysis through HEAR (Human Error Analysis and Reduction) Framework

The HEAR (Human Error Analysis and Reduction) framework is a systematic analysis tool
developed (2010) by the Department of Industrial and Systems Engineering at Korea Advanced
Institute of Science and Technology (KAIST) and used for human error and accident investigation at
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Korea Railroad (KORAIL). This framework allows safety managers to analyze direct and indirect
causes of human errors step by step and visualize them, enabling comprehensive understanding [7].
In this study, this systematic analysis methodology was applied to aviation safety.

Various methodologies have been developed for human error analysis. In the nuclear industry,
HPES (Human Performance Enhancement System) and HPIP (Human Performance Investigation
Process) are representative; in the aviation industry, HFACS (Human Factors Analysis and
Classification System) is widely used; in the maritime industry, CASMET (Casualty Analysis
Methodology for Maritime Operations) is used; and in the oil and gas industry, HFIT (Human Factors
Investigation Tool) is utilized. Particularly, CREAM (Cognitive Reliability and Error Analysis
Method) is gaining attention as a methodology applicable across industries [7].

The HEAR framework is an analysis tool that integrates the advantages of existing methods and
enhances practical applicability. It was developed with reference to the systematic classification
system of HFACS [7-10], the efficient analysis method of CREAM [7,11], and the practical approach
of TapRooT®[7]. It is differentiated by providing analysis tools and procedures considering safety
managers’ ease of use.

The HEAR framework has three main features. First, it provides a systematic analysis procedure.
The basic situation analysis identifies the context and related factors before and after the event, and
the error cause analysis step systematically analyzes the causal relationships of identified factors.
Finally, Why-Because Tree visualization helps clearly express complex causal relationships,
facilitating comprehensive understanding of analysis results [7].

Second, it enables in-depth analysis of root causes through a multi-layered causal analysis
structure. The level 1 identifies direct errors, level 2 analyzes personnel/task related factors such as
personnel’s knowledge/experience/ability and task characteristics, and level 3 analyzes
organizational factors such as regulations/procedures, education/training, management/supervision,
and organizational culture, enabling identification of system-level problems beyond surface causes
[7].

Third, it has high field applicability. It provides structured analysis tools and clear analysis
procedures that even non-experts in human factors can easily understand and use. In particular, by
providing standardized analysis tools such as Content Analysis Sheet, Error Cause Analysis Sheet,
and Why-Because Tree, it ensures consistency and objectivity in analysis.

These features of the HEAR framework were deemed very useful for analyzing failure cases and
deriving improvement measures in the aviation safety field. In particular, it can provide practical
help for field safety managers to systematically analyze the root causes of failure cases and establish
effective improvement measures based on this. This integrated approach of theory and practice gives
the HEAR framework value as a systematic and practical safety management methodology beyond
a simple accident analysis tool. Especially, the integration of validated elements from existing
methodologies and enhancement of field applicability make it highly valid for use in the aviation
safety field.

2.3.2. LPAC (Learn, Plan, Adapt, Coordinate) Model and PAM (Pressures, Adaptations,
Manifestations) Framework for Safety-II Implementation

Based on the author’s civilian airline operational experience, this study adopted the American
Airlines” LPAC (Learn, Plan, Adapt, Coordinate) model and the Flight Safety Foundation’s PAM
(Pressures, adaptations, manifestation) framework as analytical tools for enhancing resilience in
actual operational environments.

The LPAC model is based on the theory of Dr. Erik Hollnagel, who proposed the Safety-II
concept, and was developed through collaborative research between the Cognitive Systems
Engineering Lab (CSEL) at Ohio State University (OSU) and American Airlines. It has significance in
that it practically implements Hollnagel’s RAG (Resilience Analysis Grid) [6] concept and has
undergone empirical validation through cognitive science analytical methodology [12].
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The LPAC model consists of four core elements. First, the Learn element includes applying direct
and indirect experiences to flight and sharing knowledge through post-flight debriefing. Second, the
Plan element emphasizes developing “what if” scenarios before flight and pre-discussing anticipated
situations. Third, the Adapt element addresses immediate response to unexpected situations and
workload management. Fourth, the Coordinate element emphasizes effective situation model
sharing and mutual verification between flight crew members [13].

The PAM framework was developed by FSF (Flight Safety Foundation) as part of NASA
(National Aeronautics and Space Administration)’s System-Wide Safety Project, and consists of three
core elements [14]. The Pressure element addresses external demands and internal efficiency that the
system faces, the Adaptations element analyzes the system’s response mechanisms to these pressures
in connection with the LPAC model’s resilience capabilities [15]. The Manifestations element analyzes
the system’s actual responses in stages from maintaining within the prevention space to recovery
from crisis states and rebounding within the safety control range [15,16].

Thus, the PAM framework integrates the core concepts of the LPAC model as adaptation
elements, providing a systematic framework for comprehensively analyzing pressure factors faced
by organizations, their response processes, and resulting phenomena. This contributes to providing
practical guidance for enhancing resilience in actual operational environments.

2.3.3. Case Selection Criteria

This study selected three types of failure cases that impair flight crews’ decision-making abilities
from the perspective of education and training provided by the organization to field personnels.

First, for FMS operation-related cases, we selected route/altitude deviation cases that occurred
at two-month intervals at Airline A. These cases are noteworthy as similar errors repeatedly occurred
during the FMS input process for instrument approach, and are considered representative cases for
testing the effectiveness of education/training on FMS functions.

Second, for turbulence-related cases, we analyzed based on the accident investigation report of
the Ministry of Land, Infrastructure and Transport’s Aviation and Railway Accident Investigation
Board (ARAIB) [17]. Through this case, which resulted in actual risk of crew injury, we can evaluate
the effectiveness of weather-related safety education and appropriateness of field response.

Third, for aircraft energy management cases, we selected an approach abort case due to
inappropriate energy management during instrument approach. While approach abort due to
unstable approach is not generally considered a failure case, attempting landing without proper
energy management can expose to serious risks such as late landing gear completion, speed limit
exceedance, runway excursion, and CFIT (Controlled Flight Into Terrain), giving it important
significance.

These three cases are representative examples requiring systematic organizational approach
rather than simple individual mistakes or capability deficiencies. They are particularly suitable for
analyzing and deriving improvement measures for vulnerabilities in education/training systems,
safety managers’ lack of insight, and organizational cultural limitations.

3. Analysis of Failure Cases and Safety Management Behavior through Safety-I
Methodology

3.1. Analysis of Study Cases

Table 1. Case Details Summary.

Category Case 1 Case 2 Case 3

Energy Management

Case Type FMS Operation elated Turbulence Related Related
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6
Occurence Phase Instrument APP roaChClimb Phase Instrument Phase
Phase
i
Specific Path/Altitude Deviation ~Crew Injury Approach Abort
Phenomenon
Altitude 16,700 feet duri ,
Case 1-1: Safety Altitude ,1 Hee ee urmnggh energy  state®
. . climb, encountered ) . . .
. . . Violation . ._continuation resulting in
Detailed Situation turbulence resulting in
Case 1-2: Approach Path unstable approach and
.. cabin crew left ankle .
Deviation landing abort
fracture
Lack of FMS function
understandin Inadequate turbulencelna ropriate ener
Main Cause inappro riateg, manua avoidance strategymaﬁg erF;ent strate *
NAapPIop formulation/execution 8 &Y
input
Education/Traini Inadequate FMS operationlnsufficient adverselnappropriate energy
ng Relatedprinciple educationweather responsemanagement  education
Elements system education system
L Habitually repeating .
Organizational Lack of safety manager Adherence to traditional

Related Elements insight

conventional

safe

navigation methods

education
OHigh Energy State: Too High or Too Fast or both [18].

3.1.1. Path and Altitude Deviation due to Inappropriate Use of FMS Functions

We integrated and analyzed two failure cases that occurred at Airline A at two-month intervals
as a single case. The first case involved New York airport ILS (Instrument Landing System) 13L
approach (Details in Table 2), where path discontinuity occurred in the FMS due to mismatch
between the endpoint of STAR (Standard Terminal Arrival Route) and the starting point of IAP
(Instrument Approach Procedure). During the manual input process to resolve the path
discontinuity, the altitude restriction (2,900FT) input was omitted, resulting in a safety altitude
violation situation set to avoid the World Trade Center, but the dangerous situation was avoided
through the control agency’s altitude correction instruction.

Table 2. Case Reconstruction 1-1: Altitude Deviation during ILS RWY (Instrument Landing System Runway) 13L
Approach at New York Airport.

Flight Phase Event Status (Changein system status) Captain (CAPT) First Officer (FO) Air Traffic Controller (ATC)
Due to the mismatch between the end point of STAR
o e and start point of IAP, it is not automatically entered
FMS Ei‘i’nm ﬁf“‘:‘f";‘s‘x :"I‘:“ez‘:n‘i‘::{: enterthe | o jor to the FO to setup the EMS for STARILENDY 8 into the FMS. FO tried to insert the KMCHI and
Setup dg Y W PP ARR) & IAP(ILS 13L) BUZON waypoint manually,and the KMCHI altitude
procedureitype ntojthe FM5: constraint value of 2,900FTis additionally entered. But
BUZON altitude constraint2,900F T input was missed.
Checked and briefed the information entered in the FMS,
Approach 2z . including the altitude constraint of the manually entered 4
Briefing | Conduct approach briefings based on checKlists. | |4 " did not find that the altitude constraint was
not entered.
The controller instructed to head to KMCHI, one of 2
the TAFs, and to proceed with the instrument Diact tn KMCIT, Desoant b
c 2,900¢t, Cleared ILS13L
Descent | approach clearance ssued by KMCHI.
Use FMS's Direct function to enter the route to s i Using the FMS function key DCT, set the course towards
ROMCHT Order to the FO “Direct to KMCHI by
Maintained altitude of 2,900FT and reached KMCHI,
Leaving at KMCHI and commence instrument referring to the altitude displayed on the ND(Navigation
approach approaching Display). Start descent from KMCHI to BUZON from
2,900FT to2,100FT.
Initial . o .
Approach | Alerts the ATC radar that theaircrafthas < Slimb snd Meintein 2200 Tundl
Segment | descended below the safe altitude ol e i B
Climb above the safe altitude by ATC’s instruction. (Pilots
Climb above the safe altitude did not recognize the airplane had descended below the | Read-back of ATC nstruction
safe altitude before ATC corrected the order.)
Final Approach ‘ g :
Segmont | Landing Landed after entering the published approach path.

The second case involved Haneda Airport ILS Z RWY 23 approach (Details in Table 3), where
similarly, path discontinuity occurred in the FMS due to a mismatch between the STAR endpoint and
ILS starting point. Inappropriate points were entered during the manual input process to resolve the
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path discontinuity, and path deviation occurred due to delayed FMS settings when changing the
instrument approach procedure. In this case as well, normal approach path entry was possible

through guidance from the control agency.

Table 3. Case Reconstruction 1-2: Path Deviation during ILS Z RWY 23 Approach at Haneda Airport.

Flight Phase

Event Status (Changein system status)

Captain (CAPT)

First Officer (FO)

Air Traffic Controller (ATC)

FMS
Setup

Refer to the information from D-ATIS and enter the
landing runway and instrument approach
procedure type into the FMS.

Instructed the FO to input STAR (OSHIMA 1K ARR)-IAP
(ILS Y 34L) into the EMS.

Input STAR and IAP into the FMS.

Approach
Briefing

Conduct approach briefings based on checklists.

Conducted a briefing based on the approach procedure
type set in the FMS and the relevant information
confirmed.

Delaysin assigning runway and approach
procedure types due to changes in weather
conditions and increased traffic.

Instructed the FO to confirm the runway and approach
procedure type with air traffic control.

Reconfirmed the runway and approach procedure with
air traffic control.

Conveyed that the runway and
approach procedure type have not
been determined.

Following air traffic control instructions for path
adjustment and altitude descent for landing and for
traffic separation.

Adjust the aircraft's trajectory according to air traffic
control's instructions.

Descent

The runway and approach procedure type set in
the FMS have been changed.

Instructed the co-pilot to change the FMS settings.

Due to a mismatch between the endpoint of STAR at
LGA and the starting point of IAP which were not
automatically entered into the EMS, three omitted
waypoints (STEAM, SWEET, SNAKE) were manually
inputted. Additionally, the waypoint SMILE, which
was automatically selected by the FMS, was
determined to be incorrect and replaced with NYLON.

Direct to STEAM, Descent to
10,000ft, Expect ILSRWY 23

Initial
Approach

Confirm FMS setting changes.

While confirming changes made to the FMSsettings, a
discrepancy with the approach chart was discovered.
Attempts were made to manually adjust it, but it
remained uncorrected as the aircraft passed the SNAKE
point.

<

Segment

The air traffic control recognized that the aircraft
has deviated fromits course.

Recovered to the final approach course according to air
traffic control instructions.

Theair traffic controller, noticing
the deviation from the course,
guided the aircraft back to the final
approach path.

Final Approach
Segment

Landing

Entered the normal approach path and landed.

Analysis using the HEAR framework revealed that lack of understanding of FMS functions and

deficiencies in the education/training system were the root causes in both cases (Figures 1 and 2). In

particular, there was a lack of systematic education on specific situations in FMS operation principles,

and understanding of the causes of path discontinuity due to mismatch between STAR endpoints

and IAP starting points was insufficient. Moreover, inappropriate education methods that

emphasized manual input rather than utilizing FMS functions such as the 'NO STAR’ function for

path discontinuity persisted, and it was confirmed that conventional safety management was carried

out without awareness of the risks associated with manual input.

2nd Level Causes

Errors for 1 Level Causes (Factors related to personnel/tasks/work 3¢ Level Causes
Analysis (Types of Errors) P (Factors related organization)
environment)
1.4 1dle thought/attitude < 12.6 Neglect of supervisory action < 11.1 Custom/In-house
_A Regulation
8.1 Absence of «
rules/procedures
Execution Error /p 12.1 Inadequate identification
- Incorrect method of task ) ;‘:i ll: :é);l;slon of necessary
performance. 3.5 Lack of . 9'4, A.bsc/nac of . <
situational « /" training/education
Deviationin . . awareness o

coursefaltitude Decision-Making Error / 12.5 Lack of management/

- Violated due to a lack of e . i g —» supervisors’ qualifications
duringairport 9.5 Lack of education/training and abilities

knowledge about relevant

approach due to
. regulations )
improperuse of /o . 9.7 Inadequate .
FMS functions 3.2 Lack of knowledge & training/education content . 9.10 Inadequate evaluation

Perception of Information Error
- Incorrectly perceived
information necessary for

situation assessment

4.6 High-frequency task

12.8 Inadequate addressing of
identified problems

* and improvement of
training programs

12.7 Inadequate accident analysis and
hazard identification

13.6 Safety culture

Figure 1. Why-Because Tree Analysis (Case 1).
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Case 1 Contribution Factors Analysis

O,

9 8(53%) B Cases rates 60%
8

. N 50%
6 400()

§ 5 300() §
S 4 3(20%) 8

3 = 2(13%) 20%
: . - 1(7%) 1(7%) "
1

0 | I 00,

- Characteristics of Worker's
Management of an Organizational K
o Management and . regulations knowledge,
organization's AU process, policies, . .
supervision issues and business experience, and
human resources and culture e
procedures abilities
cases 8 3 2 1 1
rates 53% 20% 13% 7% 7%
Contribution Factors

Figure 2. Contributing Factors Analysis (Case 1).

3.1.2. Crew Injury due to In-Flight Turbulence

Based on analysis using the Ministry of Land, Infrastructure and Transport’s Aviation and
Railway Accident Investigation Board (ARAIB) accident investigation report, the following accident
circumstances were identified (Details in Table 4). The aircraft was climbing at an altitude of about
16,700 feet, and the area was a section where turbulence potential had been forecasted. While the
cabin crew was moving to check the safety of a passenger using the lavatory with the seat belt sign
illuminated, body movement due to turbulence caused loss of balance, resulting in a fractured left
ankle [17].

Table 4. Case Reconstruction 2: Cabin Crew Injury due to In-Flight Turbulence.

Passenger wanting to use

Time Event Status (Change in system status) Captain (CAPT) Purser (Injured) Flight Attendant eatory
Shared  departu val it weath d |
(Est) 07:00:00 | Joint Briefing med depastursiorivel | siport.  westher, ‘an
turbulence-related information with the cabin crew.
07:53:11 Depart from the origin airpost. )
Intend to keep the seatbelt sign on due to observed Y
(Est) 08:00:00 | Around 10,000FT during climb precipitation and turbulence effects, as communicated

to the purser via the intercom.

Due to turbulence, the cabin crew advises the | The passenger inquires with the
-a| passenger to be careful while moving around | cabin crew about lavatory
the aircraft. availability.

A passenger attemyp the lavatory.

The decision is made to climb vertically to avoid the

The cockpit weather radar identifies the cloud
formations.

08:07:43

(Est 08:07:50 | The Flight Attendant moves to the lavatory
area to check on passenger safety.

08:07:57 | The seatbelt sign chimed twice

08:08:21 | Turbulence occurs.

08:15:00
~ | and reported to the relevant departments.

The crew member’s injury is acknowledged

cloud formation. While maintaining FL160, a request
wasmade to ACC for climbing to FL280.

The CAPT anticipates turbulence and activate the
seatbelt sign chined twice.

The condition of the injured crew member and her
inability to work are communicated to the sub-center
using the company’s communication network, and a
request for follow-up action is made.

A passenger announcement is made to prepare
for turbulence.

After the turbulence subsides, the PUR report
to the CAPT about the crew member’s injury
caused by the turbulence and provides an

update in the injured crew member’s condition.

While attempting to unfasten the seatbelt to
check on a passenger using the lavatory, the
seatbelt sign chimed twice. During turbulence,
the crew member lost balance, attempted to
follow turbulence response procedures, but
twisted an ankle. A subsequent turbulence
caused the body to jerk upward, placing
weight on the ankle and resulting in a fall to
the floor.

A passenger returns to the seat.

Analysis using the HEAR framework revealed that deficiencies in turbulence response strategy

formulation and implementation were the main causes (Figures 3 and 4). In particular, the timing
and method of applying turbulence avoidance strategy were inappropriate, and interpretation of
preceding aircraft information and weather radar analysis results was inaccurate. It was also
confirmed that entry into the turbulence area occurred due to incorrect judgment of the weather
situation at the time.
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2ndLevel Causes

Errors for 1% Level Causes (Factors related to personnel/tasks/work 3 Level Causes
Analysis (Types of Errors) ¢ op (Factors related organization)
environment)
4.4 High risk 12.8 Inadequate addressing of 125 Lack of management/supervisors’
L1Nervous/fear € tasks identified problems A A qualifications and abilities
Execuation Error ~
- Failure to properly time actions 3.2Lack of knowledge P
- Incorrect method of task y > 10.11 Not communicatingas
execution needed

Decision-making Error 84Lackof skills ®

Improper n decisi 4 \

avoidance - Incorrect decision made N . .

strategy applied 95 Lackof education/training ~ 9.10 Education/training assessment and
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Figure 3. Why-Because Tree Analysis (Case 2).
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Figure 4. Contributing Factors Analysis (Case 2).

Important issues were also found in education/training. Weather-related education remained at
the level of simple transfer of existing materials and case comparison, and there was a lack of practical
guidelines on effective use of actual weather information systems such as WSI (Weather Service
International). Particularly noteworthy is that despite the continuous occurrence of passenger and
crew injuries due to turbulence, the problem persisted by simply repeating past safety management
approaches.

3.1.3. Approach Abort due to Aircraft High Energy during Instrument Approach

In the analysis based on operational case analysis and flight crew’s actual experience, the initial
problem was identified as the pilot arbitrarily reducing speed regardless of traffic flow management
(Details in Table 5). This led to a High Energy state occurring during the control instruction process
for airspace altitude restrictions and aircraft separation, ultimately resulting in approach abort as
landing standard altitude and speed criteria were exceeded.
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Although aborting approach from an unstable approach condition is not generally considered a
failure case, attempting landing without proper energy management is significant as it can expose to
serious risks such as late landing gear completion, speed limit exceedance, runway excursion, and
CFIT (Controlled Flight Into Terrain).

Table 5. Case Reconstruction 3: Approach Abort due to High Energy Condition during Instrument Approach.

Flight Phase Event Status (Changein system status) Air Traffic Controller(ATC) Captain (CAPT) First Officer (FO)
The pilot ts ATC for alitude descent from th ICN CTL, 0Z000 REQUEST
Cruise nepriot requests A7 for atituce cescent from the Descent FL160 reach by OLMEN Request Descent d Q
calculated Top Of Descent (TOD) point. DESCENT

| Complete the altitude descent to FL160 before reaching

Descent OLMEN by 5 nautical miles, and reduce speed to 250
(Idle Segment) / |xaas.
The ATCinstructs the pilot to short-cut the route. OLMEN direct ENPIL OLMEN direct ENPIL EMS SETOLMEN - ENPIL
/ |
B the descent to 13,000 FT, estimate the optimal
Due to the route short-cut, the aircrat's energy (altitude) SpmEeae o Semate e optima
enes Descent 13,000FT altitude considering the headwind/tailwind, based on
- the distance to ENPIL (in nautical miles) times 300 FT.
The pilot ts further d it afte ching th
PP P e e Unable, Maintain 13,000FTdue to Airspace ) SEL APP, 0Z000, Request further
assigned altitude, butit is denied due to airspace e Request further descent
o restriction. descent
restrictions
— . S .
Descen | Thepilot initates a speed reducton to decrease the Déscénk 10,0008 DES 10,000FT/ Reduce speed to 210knots during the
aircraft's energy. descent.
(Geometric - . . v 7
sidering e spacing. i Reduce 250KIAS until ENPIL, Youare #1 traffic.
behind. !
Thepilot requested a speed reduction, butthe ATC | o0 Speed 250kts below 10,0006t \/ // Request Normal Speed Request Normal Speed
instructed to maintain highspeed considering separation. 1
The pilot received instructions to descend to 7,000 FT at Descent 7,000t Cleared ILS33R
X > : Descent 7,000t Cleared ILS 33R approach, v ~ o . ;
thenitil approach fix (IAF)and mainfain a speed ot 230kts until ENPIL Descent 7,000FT, Speed Maintain 230KIAS approach, Maintain 230kts until
higher than the normal approach speed. Mair ENPIL
Thepilot maintained 7,000FT and 230KIAS untl Used speed brakes to reduce aircraft energy, but
reaching the initial approach fix (IAF), at which point ) e
. A deceleration and descent were not sufficient
Approach deceleration and descent began for instrument approach.

Segment The aircraft did not configure for landing prior to
reaching the final approach fix (FAF), necessitating a go-
around.

Analysis using the HEAR framework revealed that lack of aircraft energy management strategy
and deficiencies in the education/training system were the root causes (Figures 5 and 6). During
aircraft operation, when the pilot reduced speed arbitrarily without considering control flow,
problems occurred in maintaining aircraft spacing in the entire airspace. As a result, Air Traffic
Control (ATC) instructed the aircraft to maintain a "High energy’ state (maintaining high speed and
altitude) to maintain smooth traffic flow, but appropriate response was not made. Additionally, it
was found that situation awareness information continuously provided by FMS was not sufficiently
utilized, and the practice of preferring traditional navigation methods persisted among Airline A’s
flight crews.
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Figure 5. Why-Because Tree Analysis (Case 3).
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Figure 6. Contributing Factors Analysis (Case 3).

3.2. Comprehensive Analysis Results

Analysis of failure cases using the HEAR framework (Table 6) revealed that 87% of all 54 related
factors were organization-related. This is 6.7 times higher than individual/task factors (13%), clearly
showing that the root causes of failures lie at the organizational rather than individual level. This
result strongly suggests that structural elements such as organizational systems, culture, and
processes need more focus for safety improvement, rather than focusing on field personnels’
capabilities or behaviors.

Table 6. Statistical Analysis of Related Causes from Failure Cases.

Cases Rates (%)
Cl C2 C3 Total C1 C2 (C3 Total
Personnel Knowledge & Experience

Causes & Contributing Factors

ond Level: - Lack of knowledge 0 1 1 2 67 63 86 74
né mever - Lack of assessment ability 1 0 1 2
Personnel & Task Charactoristi
Task Related _ a.s aracteristics
- Insufficient time 0 0 1 1 00 63 86 56
- High risk tasks 0 1 1 2
Regulations & Procedures
- Absence/Inaccurate 1 0 ’ 3 6.7 00 86 56
procedures
Human Resources Management
- Absence of training 3 0 0 3
3rd Level: - Lack of education 1 6 7 14 534 688 565 593
! .eve' ) - Inadequate content 3 3 4 10
Organization ;
- Inadequate evaluation 1 2 2 5
Related —
Management & Supervision
- Resource Provmon issues 1 0 0 1 200 63 87 111
- Supervisory neglect 2 0 2
- Inadequate analysis 0 1 0 1

Organizational Culture

133 125 87 11.0
- Safety culture issues 2 2 2



https://doi.org/10.20944/preprints202503.1935.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 March 2025

12

Total 15 16 23 54 100 100 100 100
Notes: C1: Case 1 (FMS Operation). C2: Case 2 (Turbulence). C3: Case 3 (Energy Management).

3.2.1. Contributing Factors Analysis

Human resource management accounted for the highest proportion at 59.3% of the total.
Specifically, lack of education/training (14 cases), inadequate educational content (10 cases), and
inadequate education/training evaluation (5 cases) were identified in order. Looking at each case,
FMS operation showed lack of education on fundamental functions leading to system principle
understanding deficiency, turbulence response lacked practical weather information utilization
education, and energy management persisted with only traditional navigation education,
characteristics that were identified.

The impact of these problems in actual operational environments appeared in two aspects: direct
failures and potential risks. Direct failures included path and altitude deviations during FMS
operation, crew injuries during turbulence response, and unstable approaches due to inappropriate
energy management.

Furthermore, these direct failures were found to lead to more serious potential risks. In
particular, it was observed that inappropriate operational procedures became fixed as daily practices,
which progressively degraded pilots’ decision-making abilities. Ultimately, these problems were
found to weaken the resilience of the entire operational organization, suggesting that the
organization’s response capabilities could become more vulnerable in similar risk situations in the
future.

Management/supervision-related issues accounted for 11.1% of the total, with a high frequency
of supervision negligence (4 cases). This led to failure to predict the possibility of similar accident
recurrence and inability to properly identify risk factors.

This analysis proves that organizational rather than individual improvements are essential for
enhancing aviation safety. In particular, it suggests that systematic improvement of
education/training systems and strengthening of management/supervision systems are urgent tasks.

3.2.2. Safety Management Behavior Evaluation

The responses of existing safety management departments to the three failure cases showed
consistent patterns. First, there was a tendency to propose superficial solutions focusing on enhancing
field personnels’ capabilities and adherence to standard procedures. Specifically, in the FMS case,
thorough confirmation and briefing of approach procedures was emphasized; in the turbulence case,
thorough weather confirmation and crew briefing enhancement was stressed; and in the energy
management case, adherence to standard procedures was emphasized.

Next, the response to prevent failure cases remained at a reactive level. The safety management
department only addressed the direct causes of the cases and did not lead to organizational-level root
cause analysis and improvement. A particularly noteworthy point is that similar failure cases
continued to occur repeatedly, yet the department continued to adhere to past safety management
methods. In particular, FMS-related deviations occurred at two-month intervals, turbulence-related
passenger/crew injuries continued, and unstable approaches related to energy management recurred.

In contrast, analysis through Safety-I methodology identified the following organizational
problems:

e  Safety managers’ lack of insight and inappropriate education/training systems
e Inappropriate organizational management/supervision methods
e  Absence of root cause analysis and systematic improvement
This comparison shows that a transformation in the current safety management approach is

needed. Moving beyond field personnel-centered solutions, systematic and fundamental
improvements at the organizational level are required.
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4. Development of Flight Crew’s Resilient Behavior Framework
4.1. Definition of Resilient Behavior

This study newly defined ’flight crew’s resilient behavior’ in the specific context of civilian
aircraft operations to successfully manage the root causes of failure cases, reflecting Safety-II
characteristics.

Flight crew’s resilient behavior is defined as “the repetitive behavior or capability of flight crews
who can successfully manage adverse events by effectively utilizing aircraft systems, having the
ability to predict and plan for adverse events, based on high-level effective learning.”

This definition consists of four core elements.

First, high-level effective learning includes professional knowledge acquisition about aircraft
operation, skill enhancement through actual operational experience, and learning from various
situations’ success and failure cases [6,19-21].

Second, the ability to predict and plan for adverse events means identifying potential risk factors
in advance, establishing response plans for situation changes, and preparing contingencies for
various scenarios [2,3,6,12,13,15,16,19,21].

Third, effective utilization of aircraft systems means optimal operation based on comprehensive
understanding of systems in both normal and abnormal situations, and knowing system limitations
and alternatives [19,21,22].

Fourth, successful management of adverse events means real-time situation awareness and
response, flexible and timely decision-making, and effective problem-solving capability in abnormal
situations [2,3,6,19,21].

This definition and components suggest a new paradigm that moves away from focusing merely
on failure prevention and strengthens flight crews’ adaptability by expanding success in daily
operations.

4.2. Theoretical Basis of Resilient Behavior

This study applied Rasmussen’s SRK (Skills, Rules, Knowledge) [19] framework and
metacognition-motivation theory [22] as theoretical foundations for effective resilient behavior.

The SRK framework proposed by Rasmussen provides a key framework for understanding
flight crews’ resilient behavior. According to this framework, skill-based behavior occurs as
automated patterns without conscious control, rule-based behavior follows set rules or procedures,
and knowledge-based behavior requires high-level cognitive effort for problem-solving in new
situations [19].

As confirmed in the failure case analysis, current education focuses on providing rule-based
knowledge. This makes appropriate response difficult in complex situations such as FMS operation,
turbulence response, and energy management. Therefore, a shift to principle-based knowledge
provision and system operation-centered approach is needed.

Metacognition and motivation play key roles in effective learning. Metacognition is the ability
to understand one’s cognitive state and judge when and how to use specific learning strategies.
Motivation is the driving force that enhances learning behavior and achievement, with internal
motivation being particularly important for improving sustained learning performance [22].

This theoretical foundation shows that flight crews’ resilient behavior requires deep
understanding and flexible response capabilities beyond simple procedure acquisition or rule
compliance. This suggests that the education/training system should shift from rule-centered to
principle understanding and system utilization-centered.

4.3. Case-Specific Resilient Behavior Enhancement Methods

Flight crew’s resilient behavior was defined for each failure case, and methods for responding
to pressure factors occurring during operations were summarized in Table 7. These resilient behavior
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methods focus not just on avoiding problems but on strengthening flight crews’ adaptive capabilities

to enable safe and efficient operations even within the complexity and variability of the operational

environment.

Table 7. Resilient Behavior Framework for Each Case.

Category FMS Operation Turbulence Response Energy Management
. FMS prl.naple Weather information
Resilient understanding-based .
. . analysis and system FMS-based energy state
Behavior quick/accurate response T .
L .. utilization-based monitoring and
Definition during instrument . .
turbulence avoidance  appropriate management
(Summary) approach procedure
response
changes
Forecasted turbulence
STAR/IAP mismatch Passenger safety ATC instructions

Pressure Factors

(Pressure) Late runway change requirements Airspace restrictions
Time constraints Schedule adherence Traffic flow
pressure
FMS-based
FMS Database Weather radar mar?;eenfgr?:gy
Key Systems Instrument approach Weather information Air tra%fic flow
procedures systems
management
FMS principle and Weather phenomenon Energy management
function understanding understanding principle knowledge
Learn .
Approach procedure Weather data analysis FMS-based energy
change experience sharing capability enhancement management
R h
unway/approac Avoidance strategy pre-
procedure change , Energy management
. establishment X
Plan preparation , strategy establishment
k Cabin safety measures . L
Alternative procedure . FMS profile optimization
. . planning
discussion
Quick FMS Real-time weather FMS—b'ased energy
. . assessment adjustment
Adapt reconfiguration . ) . . .
. Vertical/horizontal Aircraft configuration
ATC cooperation request . S
avoidance optimization
Energy state continuous
Flight crew intention ~ Cabin crew safety measure sharing
Coordinate sharing coordination Additional

ATC communication

ATC information sharing distance/altitude request if

needed

4.3.1. FMS Operation Resilient Behavior

“The repetitive capability to accurately and quickly reconfigure FMS in adverse situations such
as setting/changing instrument approach procedures or late runway changes, based on effective

learning and high-level understanding of FMS.”

In pressure situations such as mismatch between STAR endpoint and IAP starting point or late

runway changes, accurate response is required within limited time. In these pressure situations, quick
and accurate approach procedure reconfiguration using FMS Database is key. Flight crews need to
deeply understand FMS functions and principles and effectively utilize systems, rather than the
manual input emphasized in current education.

The four elements of the LPAC model are applied as follows [13]:
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e  Learn: Flight crews accumulate and share knowledge based on approach procedure experiences
at specific airports. Particularly, they enhance in-depth understanding of STAR and IAP
relationships and systematically analyze lessons from past experiences. Regular FMS function
education helps clearly understand system capabilities and limitations and develop capabilities
to effectively use them in actual situations.

e  Plan: During pre-flight briefing, all possible approach scenarios’” FMS setting methods are
thoroughly reviewed. Particularly, using the “Secondary Flight Plan” function to pre-program
alternative approach methods and discussing responses to various situations when operating to
airports with high approach procedure change probability can enable systematic response even
in time-pressured situations.

e  Adapt: Flexibly respond in actual situations. If needed, request guidance to the final approach
path from control agencies and quickly reconfigure approach procedures using FMS Database
skillfully. Immediately recognize and identify the cause if path or altitude deviation is detected
to take appropriate action. In this process, maintain optimal aircraft state by balancing between
FMS automation functions and manual operation segments.

e  Coordinate: Share and confirm procedure changes through clear and effective communication
between flight crew members. Immediately inform control agencies and request cooperation if
path or altitude deviation is detected. Clearly divide roles between PF(Pilot Flying) and PM(Pilot
Monitoring) for effective simultaneous FMS operation and situation monitoring. Strengthen
teamwork-based problem-solving through continuous situation awareness sharing.

4.3.2. Turbulence Response Resilient Behavior

“The repetitive capability to analyze weather-related situations and establish and execute
strategies for mitigation, based on effective learning and high-level understanding of adverse
weather and aircraft weather radar.”

When operating in forecasted turbulence areas, flight crews face conflicting pressures of
passenger safety assurance and schedule adherence. In these pressure situations, systematic analysis
and response using weather radar and weather information systems are key. Flight crews need to go
beyond basic knowledge of weather phenomena to develop capabilities for integrated utilization of
weather systems for proactive response strategies.

The four elements of the LPAC model are applied as follows [13]:

e  Learn: Flight crews develop in-depth knowledge of weather phenomena and weather radar
interpretation. They systematically analyze and share past turbulence encounter experiences
and successful response cases, and become proficient in effective use of the latest weather
information systems (e.g., WSI). By developing capabilities to integratedly analyze various
weather data such as weather charts, radar images, and SIGMET information, they enhance
capabilities to predict and assess turbulence in advance.

e  Plan: Before flight, they thoroughly analyze weather conditions along the flight route and
identify potential turbulence sections to establish response strategies. Particularly, prepare
alternative route and altitude options in advance and plan timing and methods for passenger
safety assurance. Review turbulence intensity-specific response protocols and share response
methods through pre-crew briefing. Such planning provides the basis for systematic response
without time pressure when actual situations occur.

e Adapt: Assess weather conditions in real-time during flight and respond flexibly. Accurately
determine turbulence location and intensity using radar data and preceding aircraft information,
and execute vertical or horizontal avoidance maneuvers as needed. Prioritizing passenger safety,
activate seat belt signs at appropriate times and monitor cabin safety status through close
communication with cabin crew. Continuously adjust avoidance strategies according to
situation changes to safely operate the aircraft.
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e  Coordinate: Maintain smooth communication between flight crews and cabin crews, and with
control agencies. Share information about anticipated turbulence locations and intensities with
cabin crew in advance and clearly communicate about potential turbulence levels and duration.
Coordinate with control agencies to secure optimal altitudes and routes, and request reports
from other aircraft about turbulence if needed. After turbulence encounters, immediately check
for possible injuries or equipment damage and take necessary follow-up measures.

4.3.3. Energy Management Resilient Behavior

“The repetitive capability to effectively utilize FMS to manage aircraft energy at appropriate
levels in adverse situations such as High Energy approach conditions, based on effective learning
and high-level understanding of FMS.”

In complex pressure situations such as control instructions, airspace restrictions, and traffic flow,
maintaining appropriate energy state is essential. In these pressure situations, FMS-based energy
management and integrated understanding of air traffic flow management are key to systematic
approach. Flight crews need to move beyond traditional energy management methods to effectively
utilize energy prediction and management functions provided by FMS.

The four elements of the LPAC model are applied as follows [13]:

e  Learn: Flight crews develop deep understanding of aircraft energy management principles and
FMS energy prediction/management functions. They systematically learn the effects of energy
states on flight safety. Particularly, they become proficient in methods to effectively manage the
complex interactions between speed, altitude, thrust, and drag through FMS, developing
capabilities to maintain optimal energy states even in various approach situations.

e Plan: Before entering the approach phase, they establish energy management strategies
considering airspace restrictions and expected traffic flow. They optimize approach profiles
using FMS and prepare response plans for various ATC instruction scenarios. Particularly, they
predict situations where High Energy states could occur and plan deceleration timing and
external configuration change timing. Such systematic planning reduces workload during the
approach phase and improves energy management predictability.

e  Adapt: Continuously monitor aircraft energy states during actual approach and adjust strategies
as needed. When control instructions change, quickly update FMS routes and select appropriate
aircraft external configurations (Spoiler, Flap, Landing Gear, etc.) for the energy state. If High
Energy states persist, make decisions such as requesting cooperation from control agencies or
deciding to abort approach. By actively utilizing energy prediction information provided by
FMS, they proactively respond to prevent unstable approach situations.

e  Coordinate: Maintain clear communication between flight crew members about energy states
and management strategies. Particularly in situations that deviate from standard operating
procedures, clearly share intentions and plans and mutually verify them. Effectively
communicate with control agencies to request additional distance or altitude if needed for
energy management and clearly explain the reasons for necessary maneuvers.

5. Integrated Application of Safety-I and Safety-II

5.1. Integrated Application Framework

This study presents a systematic process for transforming failure cases into resilient success
cases by integrating Safety-I and Safety-II methodologies. This approach combines failure analysis
and success expansion perspectives to enable more effective safety management.

The key elements and expected effects of the integrated approach are summarized in Table 8.
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Table 8. Integration Framework of Safety-I and Safety-II Methodologies.

Key Elements Safety-I Application Safety-II Application Integration Effects
Analysis HEAR Framework LPAC Model, PAM System.a.tlc failure analysis
Method Framework and resilience enhancement

Root cause Adaptation strategy Comprehensive safety

Primary Focus . e
Y identification development management approach

Implementati Practical applicati
mplementation Why-Because Tree  Resilient behavior definition ractica’ appication
Tools guidelines

Sustainable safet
Expected Effects Failure prevention Success expansion . Y
improvement

The key elements of the integrated approach are as follows:

Systematic failure analysis: Root cause identification through HEAR framework

Resilient behavior definition: Derivation of specific behavioral elements for each case
Adaptation strategy establishment: Application of PAM framework and LPAC model
Practical guideline development: Presentation of specific guidelines applicable in the field

W N

As shown in Figure 7, this study’s integrated approach consists of two axes: Safety-I analysis
and Safety-II implementation.

s N s N
Safety-1 Analysis Safety-II Implementation

Failure Case Selection for Analysis ‘

l

‘| Flight Crew’s Resilient Behavior Definein Each
7| Cases

" Failure Case Reconstruction PAM (Pressure, Adaptations, Manifestations)
& Framework
i I ]
[23) £
T g |
&= ‘ Analysis of Key Factors in Failure Case | ‘ LPAC(Learn, Plan, Adapt, Coordinate) Model ‘
Explore the Evidencefor Identified Key Factors ‘ ‘ Flight Crew’s Resilient Behavior Guidelines ‘
N J N J

Figure 7. Integrated Application Process of Safety-I and Safety-IL

In Safety-I analysis, failure cases are systematically analyzed based on the HEAR framework [7].
First, analysis target cases are selected and reconstructed to identify key factors. In this process,
evidence is explored to identify root causes and derive organizational-level problems [7].

In Safety-II implementation, the process begins with defining resilient behavior for each case.
Using the PAM framework, pressure factors occurring during operations, adaptation processes, and
resulting manifestations are analyzed [15]. This is linked to the LPAC model to develop specific
behavioral guidelines in four aspects: Learn, Plan, Adapt, and Coordinate [13].

This integration of the two methodologies provides a systematic framework for resolving
problems identified in failure case analysis and transforming them into resilient behaviors.
Particularly, by directly utilizing analysis results from the HEAR framework as pressure elements for
the PAM framework and LPAC model application, analysis and implementation are organically
connected.

5.2. Effectiveness Evaluation

To evaluate the effectiveness of the integrated safety management method proposed in this
study, two analyses were performed according to the HEAR framework. The results visualized
through Why-Because Tree analysis (Figures 8-10) were compared, and related factors analysis
results before (Safety-I methodology) and after (integrated safety management approach) application
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were comparatively analyzed as shown in Table 9 and quantitative analysis results in Figure 11 were

reviewed.
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Figure 10. Case 3 Why-Because Tree Comparison: Existing (Safety-I Methodology Analysis) vs Improved
(Integrated Safety Management).
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Figure 11. Results of Effectiveness Evaluation of Integrated Safety Management Approach.

Through Why-Because Tree analysis, visual confirmation of the differences before and after
application of the integrated safety management approach was possible. The most notable change in
all three cases was that the relationships between causal factors became clearer and simplified. In
particular, previously complex and multi-layered organization-related factors were significantly
reduced, suggesting that system-level improvements were effectively implemented.

In the FMS operation-related case (Figure 8), organizational culture and
management/supervision-related factors were greatly reduced, with focus shifting to qualitative
improvement of education/training. In the turbulence response case (Figure 9), the importance of
practical weather information utilization education was emphasized, and in the energy management
case (Figure 10), the need for systematic approaches to improve FMS utilization capabilities was
clearly revealed.

These changes show that the focus of safety management has shifted from individual errors or
procedural issues to system-level improvements and qualitative enhancement of education/training.
Particularly, the simplification of causal relationships identified in each case helps to more clearly
grasp the essence of the problem and establish effective improvement measures.

Significant improvements in system-related issues were confirmed. As seen in Table 9,
regulations/business procedures-related issues significantly decreased from 3 cases (5.6%) to 0 cases
(0%), and management/supervision issues and organizational processes/culture-related issues each
decreased significantly from 6 cases (11.1%) to 0 cases (0%), confirming that substantial system-level
improvements were made. These changes are also clearly evident in the quantitative analysis results
in Figure 11.


https://doi.org/10.20944/preprints202503.1935.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 March 2025

20

Meaningful changes were also observed in human resource management and personnel/task
characteristic-related areas. As shown in Table 9, human resource management-related issues
decreased from 32 cases (59.3%) to 13 cases, but their overall proportion increased to 68.4%. This
indicates that the need for qualitative improvement in education/training has become more
prominent.

Table 9. Comparison of Causal Factors between Safety-I Methodology Analysis and Integrated Safety

Management Approach.
Existing (Safety-I Improved (Integrated
Methodology Analysis)  Safety Management)
Causes Contribution Factors 8y Y A 8
cases cases
Cl C2 C3 Total C1 C2 C3 Total
ond [ evel Personr%el S knov'v‘le.dge, 1 1 ) 4 1 0 ’ 3
Personnel, experience, abilities
Task Related Task characteristics 0 1 2 3 0 1 2 3

Characterl.stlcs of regulations 1 0 ) 3 0 0 0 0
and business procedures

Management of an

3rd evel organization’s human 8 11 13 32 4 5 4 13
Organization resources
Related =~ Management and supervision

issues

Organizational processes,

. 2 2 2 6 0 0 0 0
policies, and culture

Total 15 16 23 54 5 6 8 19

Existing (Safety-1I Improved (Integrated

. Methodology Analysis)  Safety Management)

Causes Contribution Factors
rates (%) rates (%)
Cl C2 (C3 Total C1 C2 C3 Total
2nd Level  Personnel'sknowledge, ¢ 7o ¢ 39 g 700 749, 20.0% 0.0% 25.0% 15.8%
Personnel, experience, abilities

Task Related Task characteristics 0.0% 6.3% 8.7% 5.6% 0.0% 16.7% 25.0% 15.8%

Characteristics of regulations

. 6.7% 0.0% 8.7% 5.6% 0.0% 0.0% 0.0% 0.0%
and business procedures

Management of an

3rd Level organization’s human 53.3% 68.8% 56.5% 59.3% 80.0% 83.3% 50.0% 68.4%
Organization resources

Related  Management and supervision

. 20.0% 6.3% 8.7% 11.1% 0.0% 0.0% 0.0% 0.0%
issues

SR
Organizational processes, 5 5o/ 15 sor 879, 11.1% 0.0% 0.0% 0.0% 0.0%
policies, and culture

Total 100% 100% 100% 100% 100% 100% 100% 100%

Notes: C1: Case 1 (FMS Operation). C2: Case 2 (Turbulence). C3: Case 3 (Energy Management).

The relative importance of personnel knowledge, experience, and ability-related issues and task
characteristic-related issues increased from 7.4% to 15.8% and from 5.6% to 15.8%, respectively, which
is particularly noteworthy. As confirmed in Figure 11, these changes are consistent with the results
showing that the causal relationships between factors became clearer after system improvement in
the Why-Because Tree analysis.
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The quantitative analysis results in Figure 11 show that the organization’s safety culture is in a
process of overall change. It was confirmed that a transition is needed from the existing approach
that focused only on failure prevention to a direction that expands successful operations and
strengthens resilience. In particular, the changes in organizational process and culture-related
indicators shown in Table 9 quantitatively support the necessity of this transition.

The analysis results in Table 9 and Figure 11 show the main effects of applying the integrated
safety management approach. System-related issues decreased while the need for qualitative
improvement of education/training was highlighted, and it was confirmed that field-centered
practical approaches should be strengthened.

However, challenges for making these improvement effects sustainable changes were also
identified. As seen in Table 9, the proportion of human resource management areas remains high,
suggesting the need for continuous improvement of education/training systems. Also, the increase in
indicators related to personnel knowledge, experience, and task characteristics shows the need for
systematic support to strengthen individual capabilities.

Notable changes were also confirmed in terms of strengthening safety managers’ capabilities.
The analysis results in Figure 11 show the need for systematic failure case analysis using the HEAR
framework. This means a transition from existing experience-based judgment to data-based objective
analysis is needed.

For the successful establishment of these changes, management’s firm commitment and
continuous support will be prerequisites.

However, there are several limitations in the effectiveness evaluation of this study. First, the
analysis is limited to three types of cases from a single airline, so caution is needed in generalizing
the results. Second, quantitative analysis relies mainly on frequency analysis, and in-depth evaluation
of complex causal relationships is needed.

Nevertheless, the effectiveness evaluation results of this study show that the integrated safety
management approach can be an effective tool for making substantial improvements in aviation
safety management. Future research needs to continuously develop the methodology through more
diverse cases and longer-term perspective evaluations.

6. Conclusions
6.1. Key Research Findings

This study aimed to improve the aviation safety management system through integrated
application of Safety-I and Safety-II methodologies. Specifically, it conducted failure case analysis
through Safety-I methodology, defined resilient behavior based on Safety-II methodology, and
presented practical improvement measures through integrated application of the two methodologies.
The key findings are as follows.

First, systematic failure case analysis was made possible through the HEAR framework.
Analysis results confirmed that the root causes of failures lie in organizational rather than individual
dimensions, with 87% of all related factors being organization-related. This means that safety
management focus should be placed on organizational system improvement rather than individual
errors or capability deficiencies.

Second, flight crew’s resilient behavior was newly defined and specific methods for its
realization were presented. The resilient behavior defined as “the repetitive behavior or capability of
flight crews who can successfully manage adverse events by effectively utilizing aircraft systems,
having the ability to predict and plan for adverse events, based on high-level effective learning”
provides a basis for transitioning the safety management paradigm from ‘failure prevention’ to
’success expansion’.

Third, practical improvement effects were confirmed through integrated approach of Safety-I
and Safety-1I. Through reduction of system-related issues, recognition of the need for qualitative
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transformation of education/training, and strengthening of field-centered practical approaches, more
balanced safety management became possible.

6.2. Practical Implications

The practical implications of this study are as follows.

First, it presented methods for strengthening safety managers’ capabilities through systematic
approaches. It confirmed that safety culture can be enhanced through systematic organizational
education/training system establishment and management/supervision system strengthening,
beyond focusing on field personnel responsibilities in safety management solutions. Particularly, the
analysis result showing that 87% of related factors are organization-related supports the need for
system-centered approaches.

Second, it provided specific tools for strengthening safety managers’ capabilities. With the
introduction of the HEAR framework, safety managers can systematically analyze failure cases and
identify root causes. This represents a transition from existing experience-based judgment to
systematic evidence-based objective analysis.

Third, it presented field-centered practical safety management methods. By identifying specific
elements of resilient behavior based on actual cases such as FMS operation, turbulence response, and
energy management, and presenting concrete methods for their strengthening, it provided practical
guidance that can be actually applied in the field.

6.3. Research Limitations and Future Directions

This study has the following limitations that should be addressed in future research.

First, case study limitations. Since only three types of failure cases from a single airline were
analyzed, empirical case studies across various aviation sectors such as air carriers, aircraft
maintenance organizations, and airport operators are needed to verify the generalizability of the
research results.

Second, methodology validation scope expansion is needed. Current effectiveness evaluation
relies mainly on frequency analysis, and methodology validity and practical value can be enhanced
through more diverse quantitative and qualitative evaluation methods.

Third, long-term effect verification is needed. The long-term impact of the integrated safety
management approach on organizational safety culture and performance needs to be continuously
monitored and evaluated.

Despite these limitations, this study has significance in presenting a new paradigm for aviation
safety management. Future research should continuously develop the methodology presented in this
study through diverse case studies and long-term effect verification. For this, management’s firm
commitment and continuous support are prerequisites, which will be the core factors in establishing
a sustainable safety management system.
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