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Ⅰ. Introduction

1.1 Background of the Study

Over the past several decades, advancements 
in aviation automation have significantly en-
hanced the safety and precision of aircraft 
operations. Systems such as the auto-flight sys-
tem, auto throttle (A/T), flight management 

system (FMS), and flight-envelope protection 
have strengthened operational efficiency and 
safety while substantially reducing pilot 
workload. However, major accident reports 
consistently point out that although automation 
reduces human error, it simultaneously in-
troduces new forms of risk—referred to as au-
tomation vulnerability. Representative accidents 
such as Air France Flight 447, Asiana Airlines 
Flight 214, China Airlines Flight 140, and 
Aeroflot Flight 593 collectively illustrate that 
automation failures, mode confusion, over reli-
ance on automation, and degradation of man-
ual-flying skills functioned as common con-
tributing factors. Although each accident had 
its own technical elements, the pilots’ in-
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sufficient understanding of automation, mon-
itoring failures, and delayed recognition of ab-
normal conditions ultimately led to cata-
strophic outcomes (BEA, 2012; Flight Safety 
Foundation, 2013; Kim, 2023).

In particular, when pilots do not clearly 
understand the operating modes and limitations 
of automation during abnormal situations, 
human-factor issues—such as weakened ma-
nual-flying proficiency, failures in energy ma-
nagement, deficiencies in crew resource 
management (CRM), and loss of situational 
awareness (SA) can emerge in a compounded 
manner, potentially resulting in an accident 
(Kim, 2023).

Although automation systems are designed to 
reduce pilots’ judgment and control workload, 
the growing complexity of terminology, fun-
ctions, and inter-mode interactions has para-
doxically increased cognitive burden of pilots. 
In automation malfunctions or aircraft upset 
conditions, pilots repeatedly fail to maintain 
sufficient situational awareness, misinterpret 
system logic, and respond too late.

Those issues prompted aviation authorities to 
overhaul pilot-training systems. Since 2014, the 
International Civil Aviation Organization (ICAO) 
has recommended a competency-based training 
(CBT) framework that includes upset prevention 
and recovery training (UPRT), automation-mode 
monitoring, and enhanced manual-flying 
training. The Federal Aviation Administration 
(FAA) and the European Union Aviation Safety 
Agency (EASA) actively adopted those 
recommendations (ICAO, 2014; FAA, 2020).

This study conducts a comprehensive anal-
ysis of four representative automation-related 
accidents to:

1.1.1 Identify common causes and patterns in 
major automation-related aircraft accidents;

1.1.2 Examine how insufficient mode aware-
ness, reduced situational awareness, 
and weakened manual-flying capability 
contributed to accident progression; and

1.1.3 Propose improvement strategies for future 
pilot-training systems, aircraft-automa-
tion design, and organizational safety ma-
nagement.

1.2 Asiana Airlines Flight 214 Accident

1.2.1 Overview of the Accident

On July 6, 2013, Asiana Airlines Flight 214, a 
Boeing 777-200ER, entered a low-energy flight 
(LEF) state during a visual approach to San 
Francisco International Airport (SFO) and sub-
sequently struck the seawall. The NTSB identi-
fied “inadequate pilot understanding of auto-
mation modes and failure to monitor airspeed” 
as the primary causal factors (NTSB, 2014).

1.2.2 Automation System Issues and Auto-
throttle (A/T) Mode Confusion

1.2.2.1 Transition to A/T HOLD Mode during 
FLCH SPD Selection

Under specific conditions, the Boeing 777 
auto-throttle transitions into HOLD mode, 
during which it no longer controls airspeed. 
According to the NTSB report, the pilots were 
unaware that the auto-throttle system was not 
actively maintaining speed (NTSB, 2014).

1.2.2.2 Failure to Monitor FMA Indications
Minor changes in the Flight Mode Annun-

ciator (FMA) have long been criticized as a 
limitation of automation design. Although the 
mode transition was displayed on the FMA, the 
pilots failed to monitor it (NTSB, 2014).

1.2.3 Human-Factors Analysis



280 Kew-Weon Chang, Gun-Young Lee Vol. 33, No. 4, Dec. 2025

1.2.3.1 Insufficient Understanding of Automa-
tion

The NTSB found that the pilots had an 
inadequate understanding of the aircraft’s au-
to-flight system. Increased dependence on au-
tomation contributed to degradation in ma-
nual-flying and energy-management skills.

1.2.3.2 Monitoring and CRM Breakdown
The monitoring pilot (PM) failed to detect 

the decreasing airspeed, which directly con-
tributed to the accident. Deficiencies in moni-
toring, call outs, and CRM—combined with li-
mited experience managing automation during 
visual approaches following the transition to 
the B777 were noted as contributing factors 
(NTSB, 2014).

1.2.3.3 Absence of a Low Energy Warning 
System

Unlike Airbus aircraft, the Boeing 777 lacked 
a dedicated low energy warning system, which 
the NTSB recommended as a safety enhan-
cement (NTSB, 2014).

1.2.4 Key Insights from the Accident

Insufficient understanding of automation 
modes can rapidly exacerbate abnormal situa-
tions. During visual approaches, over reliance 
on automation may increase risks rather than 
reduce it. Manual-flying skills, energy-mana-
gement proficiency, and vigilant mode-mo-
nitoring capabilities are therefore even more 
critical in the era of advanced cockpit auto-
mation.

1.3 China Airlines Flight 140 Accident

1.3.1 Overview of the Accident

On April 26, 1994, China Airlines Flight 140, 
Airbus A300-600R, crashed during its approach 
to Nagoya airport after an inadvertent activation 

of TO/GA mode and conflicting autopilot 
re-engagement logic caused the aircraft to enter 
a full stall (JTSB, 1996).

1.3.2 Major Causal Factors

1.3.2.1 Erroneous Activation of the TO/GA 
Switch. The first officer unintentionally 
activated the Go-Around (GA) mode.

1.3.2.2 Persistence of GA Pitch-Up Logic 
after Autopilot re-engagement. Although GA 
mode appeared to be disengaged, the pitch-up 
logic associated with goaround operation 
remained active internally.

1.3.2.3 Conflict Between Pilot Inputs and 
Autotrim. Pilot control inputs conflicted with 
automatic trim commands, progressively 
worsening the stabilizer mis trim condition.

1.3.2.4 Thrust Increase Triggered by 
Alpha-Floor Function. Activation of the 
alpha-floor protection commanded maximum 
thrust, further increasing nose-up pitch and 
leading the aircraft into a stall.

1.3.3 Design Vulnerabilities

Although GA mode appeared to be canceled, 
the internal pitch-up logic persisted, revealing 
a structural deficiency in mode-transition de-
sign. The absence of warnings for trimmable 
horizontal stabilizer (THS) mis-trim was also 
identified by the JTSB as a structural problem 
(JTSB, 1996).

1.3.4 Human-Factors Aspects

The crew demonstrated insufficient mode-
awareness capability and inadequate training for 
unexpected auto-trim behavior. They lacked 
understanding that auto-trim could continue to 
accumulate even when manual override was 
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applied. In addition, training on preventing 
unintended autopilot engagement was found to 
be insufficient (JTSB, 1996).

1.3.5 Implications

The excessive mode complexity of the A300 
series aircraft increased monitoring burden for 
pilots and ultimately motivated modern auto-
mation design principles emphasizing mode 
transparency.

1.4 Aeroflot Flight 593 Accident

1.4.1 Overview of the Accident

The 1994 crash of Aeroflot Flight 593, an 
Airbus A310, resulted from a combination of 
cockpit-discipline violations, failure to recognize 
partial autopilot disengagement, and inability to 
recover from an abnormal attitude (IAC, 1994).

1.4.2 Major Causal Factors

1.4.2.1 Violation of Cockpit Discipline
An unqualified child manipulated the con-

trols, causing an aileron-channel disengage-
ment and subsequent autopilot disconnection 
in the roll channel (IAC, 1994).

1.4.2.2 Failure to Recognize Partial Disconnect. 
The flight crew did not detect the partial 
disengagement of the autopilot (IAC, 1994).

1.4.2.3 Failure to Recover from an Abnormal 
Attitude. After entering a spiral dive, the crew 
reacted late and applied excessive inputs, 
ultimately failing to recover the aircraft. This 
accident clearly demonstrates the necessity of 
UPRT (IAC, 1994).

1.4.3 Human-Factors Perspective

The accident highlighted the consequences 
of poor cockpit discipline, the difficulty of 

recognizing sudden automation surprises, and 
the critical importance of UPRT training.

1.5 Eastern Air Lines Flight 401 Accident

1.5.1 Overview of the Accident

In 1972, Lockheed L-1011 TriStar aircraft 
crashed after the entire flight crew became 
preoccupied with a landing-gear indicator pro-
blem, failed to notice a partial autopilot 
disengagement, and did not detect the aircraft’s 
gradual descent (NTSB, 1973).

1.5.2 Major Causal Factors

1.5.2.1 Loss of Situational Awareness. The 
flight crew became excessively fixated on the 
malfunctioning indicator light and consequently 
failed to maintain situational awareness (NTSB, 
1973).

1.5.2.2 Failure to Recognize Transition into 
Autopilot CWS (Control Wheel Steering) Mode. 
When ALT HOLD disengaged, moving the 
control yoke allowed the pilot to set a desired 
pitch or heading; releasing the controls caused 
the aircraft to maintain that attitude under 
CWS mode. The crew failed to recognize that 
the aircraft had transitioned into CWS mode 
and was gradually descending (NTSB, 1973).

1.5.3 Human-Factors Perspective

The crew failed to recognize the autopilot 
mode transition and did not monitor the 
altimeter. With attention dispersed across the 
flight deck, no one was actively flying the 
airplane—illustrating a critical CRM breakdown.

Ⅱ. Comprehensive Comparison and 
Analysis

A comparative review of the four major 
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automation-related accidents revealed five 
recurring patterns, as summarized in Table 1.

2.1 Failure of Automation-Mode Aware-
ness and Adverse Effects of Auto-
mation Dependence

In all four accidents, pilots failed to reco-
gnize changes in automation modes (FMA), 
partial disconnection of the autopilot/auto 
throttle (AP/AT), or mode conflicts in a timely 
manner.

This was largely attributed to opaque 
mode-transition logic, insufficient warnings 
and displays, and aircraft structural limitations 
in mode transparency transition??. Conse-

quently, pilots often continued flight without 
accurately understanding which mode the air-
craft was operating in or which functions were 
active or disengaged. Such mis perceptions led 
to failures in maintaining airspeed and altitude, 
as well as incorrect assessments of aircraft 
energy state.

2.2 Degradation of Manual-Flying Skills 
and Energy-Management Failures

As pilots became increasingly accustomed to 
automation oriented flight operations, essential 
manual-flying skills deteriorated—particularly 
skills related to stall recovery, low-speed/high- 
AOA recognition, high-altitude upset handling, 

Common pattern Key issues / Recurring problems

Failure of automation-
mode recognition & adverse 

effects of automation dependence

– Failure to recognize FMA mode changes
– Failure to detect partial AP/AT disconnects
– Mode conflicts / mode confusion
– Opaque mode-transition logic
– Inadequate alerts leading to hidden automation states

Degradation of manual-flying skills 
& energy-management failures

– Poor stall-recovery skills
– Inadequate detection/response to low-speed or high-AOA situations
– Weak abnormal high-altitude handling skills
– Failure in thrust–pitch–trim energy management
– Insufficient UPRT; incorrect stall-recovery execution

Loss of SA & failures in 
speed/altitude monitoring

– Delayed recognition of speed changes
– Altitude-monitoring failures
– Misjudgment of aircraft energy/trim due to hidden automation states
– Monitoring lapses due to workload
– Reduced vigilance toward actual flight status

CRM & cross-checking failures

– Poor sharing of abnormal cues
– Insufficient cross-checking of speed/trim anomalies
– Communication delays
– Intervention delays caused by authority gradients

Combined failures in design, 
training & human factors

- Design: non-intuitive FMA, unclear mode logic, poor partial-disconnect 
warnings, lack of mis-trim alerts

- Training: inadequate mode-awareness training, weak automation-error 
handling, degraded manual-intervention skills, insufficient UPRT

- Human factors: overreliance on automation, SA degradation, moni-
toring lapses, distraction, overconfidenc

Table 1. Comparative table of common patterns identified in major autopilot-related accidents
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and energy management using thrust–pitch–
trim coordination.

Insufficient or absent UPRT training directly 
contributed to delayed stall recognition and 
improper execution of recovery procedures.

2.3 Loss of Situational Awareness (SA) and 
Failures in Speed/Altitude Monitoring

A continuous breakdown in situational aware-
ness was a common factor across all accidents.

The following patterns were repeatedly obse-
rved : Failure to detect changes in speed —
either deceleration or acceleration — during what 
appeared to be normal approaches. Altitude - 
monitoring failures or misinterpretations. 
Misjudgments of actual aircraft energy, trim, and 
pitch states caused by automation’s “hidden 
states”. Monitoring lapses related to increased 
workload, including menu navigation menu 
selection and button manipulation.

These findings clearly demonstrate reduced 
vigilance not only in monitoring automation 
states but also in monitoring the aircraft’s 
actual flight condition—an essential pilot res-
ponsibility.

2.4 CRM Failures and Insufficient Cross-
Checking

Common CRM breakdowns were observed in 
all four accidents: Inadequate sharing of abnormal 
cues between captain and first officer. Failure to 
cross-check critical indicators such as 
decreasing speed or abnormal trim. Delayed 
communication. Hesitancy to intervene due to 
authority gradients.

As a result, the crew experienced confusion 
about “who should do what” during automation 
malfunctions, and team-level defensive layers 
failed to function effectively.

2.5 Combined Failures in Automation De-

sign, Training, and Human Factors

2.5.1 Structural Limitations of Automation De-
sign

Several persistent design limitations contri-
buted to accident progression: FMA information 
was not displayed in an intuitive manner, 
delaying pilots’ recognition of mode changes. 
Mode-transition logic lacked clarity, making 
automation behavior difficult for pilots to predict. 
Insufficient warnings for partial autopilot 
disconnects allowed pilots to unknowingly con-
tinue flight without fully functioning auto-
mation. Absence of mis-trim warnings allowed 
recoverable conditions to deteriorate into 
unrecoverable ones.

2.5.2 Recurrent Issues in Pilot Training

Across all accidents, the same training 
deficiencies repeatedly emerged: Insufficient 
UPRT, resulting in failures to recognize or 
recover from stalls and upsets. Inadequate 
training on mode awareness and prediction of 
automation behavior. Reduced ability to intervene 
manually during unexpected automation errors or 
mode transitions. Lack of systematic training in 
energy management and integrated judgment of 
altitude, airspeed, and thrust.

2.5.3 Human-Factor Patterns

Common human-factor issues observed in all 
four accidents included: Significant degradation 
of situational awareness. Overconfidence in 
automation, assuming that systems would 
maintain normal flight. Disrupted monitoring of 
key parameters due to distraction or attentional 
tunneling. Failure to perform basic cross-checks 
due to workload, inattentiveness, or excessive 
self-confidence. Inadequate vigilance in 
supervising automation despite being in nominal 
flight conditions.
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Those issues collectively illustrate how hu-
man-factors vulnerabilities can magnify the 
consequences of automation-related errors.

Ⅲ. Conclusion

This study analyzed four major automa-
tion-related aircraft accidents (Air France flight 
447, Asiana Airlines Flight 214, China Airlines 
Flight 140, and Aeroflot Flight 593), confirming 
that the interaction among automation, pilots, 
and training systems critically shapes aviation 
safety.

The accident cases collectively demonstrate 
that although aviation automation significantly 
enhances operational efficiency and safety, it 
simultaneously introduces new risks—such as 
mode confusion, over reliance on automation, 
and degradation of situational awareness. 
Those patterns indicate that accidents become 
far more likely when complex automation 
design, insufficient training, and human-factors 
vulnerabilities converge.

First, deficiencies in mode awareness were 
identified as primary triggering factors across 
all accidents. Pilots failed to detect AP/AT 
mode changes, partial disconnects, and mode 
conflicts, leading to airspeed/altitude moni-
toring failures and misjudgment of aircraft 
energy states. These issues are closely related 
to opaque automation logic, insufficient warn-
ing systems, and un- intuitive mode displays.

Second, degraded manual-flying and energy-
management skills contributed significantly to 
accident severity. Under automation-oriented 
operating environments, flying skills such as 
stall recovery, upset handling, and integrated 
thrust–pitch–trim energy control were inade-
quately trained. Insufficient UPRT directly led 
to delayed stall recognition and incorrect reco-
very actions.

Third, loss of situational awareness and 

insufficient cross-monitoring were common 
across all cases. Pilots failed to recognize 
automation’s hidden areas and repeatedly 
missed critical cues such as altitude and 
airspeed deviations. Combined with communi-
cation delays, distraction, and authority-
gradient issues, these CRM deficiencies under-
mined the final layers of defense.

Fourth, the findings underscore the need for a 
comprehensive reassessment of pilot-training 
systems. UPRT, mode-awareness training, auto-
mation-error response, and manual-flying instruc-
tion are not optional, they are essential. Align-
ment with ICAO, FAA, and EASA compete-
ncy-based training (CBT) frameworks must be 
strengthened further.

Lastly, although automation forms the back-
bone of modern aviation safety, it cannot 
replace pilots. Rather, the demands for expert 
supervision, judgments, and timely intervention 
has increased. Pilots must act not merely as 
users of automation but as supervisory 
controllers who understand systems limitation 
and respond decisively during abnormal situa-
tions. The future of aviation safety lies not in 
automation alone, but in the effective 
integration of human and automated systems.

While this study proposes improvements in 
training, design, and operational structure, it is 
limited by the absence of simulator-based 
performance data and variations across airline 
pilot training programs. Future research should 
incorporate broader automation-error data 
sets, quantitative analyses of pilot performance, 
and comparative studies across various aircraft 
types.

In conclusion, ensuring safety in an era of 
growing automation requires more than tech-
nical solutions—it demands an integrated safety 
ecosystem encompassing design, training, and 
organizational culture. Aviation safety in the 
automation era can be enhanced only when 
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pilot expertise and automation technology 
function in a mutually complementary manner.

Acknowledge

This study was supported by the Chungbuk 
RISE Center with funding from the Ministry of 
Education and Chungcheongbuk-do in 2025, as 
part of the Regional Innovation-led University 
Support System (RISE) Global Local University 
30 initiative (2025-RISE-11-004).

References

1. BEA, "Final report on the accident on 1 June 
2009 to the Airbus A330-203, Flight AF447", 
BEA Accident Report, 2012, pp. 199–209.

2. Flight Safety Foundation, "Automation and 
flight safety: A study of accidents and 
incidents", Flight Safety Foundation Report, 
2013, pp. 11-24.

3. 김홍길, "항공 자동화 의존과 인적 요인에 관한 연
구", 2023, pp. 45-48.

4. International Civil Aviation Organization 

(ICAO), "Manual of evidence-based training 
(Doc 9995)", ICAO, 2014, pp. I-1-I-3, 
2-5-2-9.

5. Federal Aviation Administration (FAA), "Advi-
sory circular 120-111: Upset prevention and 
recovery training", FAA, 2020, pp. 1-6.

6. National Transportation Safety Board 
(NTSB), "Aircraft accident report: Descent 
below visual glide path and impact with sea 
wall, Asiana Airlines Flight 214, Boeing 
777-200ER", NTSB Accident Report, 2014, 
pp. 67-75, 79.

7. Japan Transport Safety Board (JTSB), "Air-
craft accident investigation report: China 
Airlines Flight 140, Airbus A300-600R", JTSB 
Accident Report, 1996, pp. 92-101.

8. Interstate Aviation Committee (IAC), "Final 
report on accident to Airbus A310-304 near 
Mezhdurechensk (Aeroflot Flight 593)", IAC 
Accident Report, 1994, pp. 38-46.

9. National Transportation Safety Board (NTSB), 
"Aircraft accident report: Eastern Air Lines 
Flight 401, Lockheed L-1011", NTSB Accident 
Report, 1973, pp. 42-48.


