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Abstract: 

Fatigue is acknowledged as a major human factors hazard that could degrade various types of 

human performance, such as slowed reaction time, reduced motivational drive, lapses or errors 

associated with attention, problem solving, memory, vigilance and decision-making. Fatigue 

and relevant human performance degradation was found in the past investigations, which 

played a key safety factor and caused the occurrence of accidents. 

In order to assist in investigating fatigue related occurrence, relevant papers, guidelines and 

manuals were collected and reviewed, several aviation medical examiners and specialists in 

fatigue science were consulted, the fatigue bio-mathematical model was introduced, and then 

an integrated human fatigue investigation methodology (IHFIM) was developed by the Taiwan 

Transportation Safety Board (TTSB).  

The IHFIM integrated causes of fatigue, fatigue symptoms, duty preparation, fatigue 

countermeasures by an employee, operations and fatigue management strategies by an 

employer, and regulatory oversight to constitute its core elements. The established IHFIM can 

apply scientific approaches to collect and analyze fatigue data, understand fatigue related 

factors and their relations, determine the role of fatigue in the occurrence, identify deficiencies 

of fatigue management, and issue safety recommendations. The TTSB fatigue investigation 

guide was also developed accordingly, which contains fatigue and sleep related knowledge, 

fatigue management information, investigation process, tools for data collection and analysis, 

and the instructions for application of bio-mathematical model. 

Finally, the TransAsia Airways GE222 CFIT occurrence, which occurred in Penghu islands on 

23 July 2014, was used to demonstrate the application of the IHFIM. 
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1. Fatigue Causes  

What is fatigue? There are different fatigue definitions in the research papers. Basically, fatigue is mental or 

physical state when you feel tired or sleepy. In the ICAO Doc 9966, it provides us a clear and comprehensive 

definition of fatigue, which is showed in the Figure 1-1. It consists of three parts as follows: fatigue symptoms, 

fatigue causes and consequences of fatigue. In terms of investigation, these three parts are also essential 

fatigue factors need to be considered during the investigation. If investigators would like to determine that a 

crewmember’s abilities was likely affected by fatigue or not. 

 

Figure 1-1 ICAO Fatigue Definition 

In addition to the ICAO Doc 9966, there have been several valuable fatigue investigation guides available in 

the aviation industry (See the Figure 1-2). Among them, the guide of the TSB Canada 2014 provides lots of 

useful information and tools specially for investigating fatigue, and was one of major reference when the 

TTSB developed our investigation guide  

In the Figure 1-3, this study compared the direct fatigue causes considered by the ICAO Doc 9966 and TSB 

Guide 2014. Both of them cover five kind of sleep related causes: acute and chronic sleep deprivation, 

continuous wakefulness, circadian rhythm effects, and sleep disorders. However, in the ICAO Doc 9966, it 

further includes the workload factor; In the TSB Guide 2014, it indicated that psychological condition, illness, 

or medicine effects are also ones of fatigue causes. In the TTSB, we recommends our investigators tried to 

cover these seven kinds of fatigue causes showed in the Figure 1-3 during the investigation. 
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Figure 1-2 Fatigue Investigation Guides 

 

Figure 1-3 Fatigue Causes Comparison 
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2. Introduction of the TTSB Fatigue Investigation Guide  

The part 2 of this paper is an overview of the TTSB investigation guide. The ICAO Doc 9966 indicates: 

Fatigue is a major human factors hazard because it affects most aspects of a crewmember’s ability to do their 

job. For an investigator, the key question is How to conclude fatigue was a probable cause, risk factor, or not 

an issue during the investigation. 

To assist investigators to conduct fatigue investigation, the TTSB began to establish our investigation guide 

in 2010. How did we develop it? (See the Figure 2-1) We based on our previous investigation experience, 

learning from training courses, to study the existing investigation guides, research papers, and manuals; 

consulted with related experts; and to introduce fatigue bio-mathematical models and try to use it in the 

investigation. 

 

Figure 2-1 Development of the TTSB Fatigue Investigation Guide 

Currently, the TTSB has the second edition of fatigue investigation guide that comprises six chapters as 

follows (See Figure 2-2): 

(1) Fatigue and Sleep related Knowledge; 

(2) Fatigue Management Information; 

(3) Fatigue Investigation Process; 

(4) Fatigue Data Collection; 

(5) Fatigue Data Analysis; 

(6) Use of Fatigue Bio-mathematical Models. 
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Figure 2-2 Outline of the TTSB Fatigue Investigation Guides 

In the Chapter one (See Figure 2-3), it provides essential knowledge related to sleep and fatigue to help 

investigators have a better understanding of fatigue causes and their effects on human performance. 

 

Figure 2-3 Fatigue and Sleep related knowledge 
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In the Chapter two (See Figure 2-4), it provides information related to fatigue managing strategies, framework, 

and implementation approaches to help investigators acquire the best practice, correct concepts and complete 

structure for managing fatigue. 

 

Figure 2-4 Fatigue Management Information 

The Chapter three (See Figure 2-5) is a basic three-step fatigue investigation process. The step one is to test 

for existence of fatigue causes; step two is to test for fatigue influence on human performance; and the step 

three is to evaluate the effectiveness of fatigue management measures operated by related organizations. 

The Chapter four provides collection forms and questionnaires to help investigators easily and effectively 

collect fatigue data. In the Chapter five, it provides evaluation tables and reference guides to help investigator 

analyzing the fatigue data. (See Figure 2-6) 
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Figure 2-5 Fatigue Investigation Three-Step Process 

 

Figure 2-6 Fatigue Data Collection and Analysis Tools 

The Chapter 6 (See Figure 2-7) provides information associated with definition, functions, and limitations of 

fatigue bio-mathematical models. In the TTSB, we use SAFE software from FRMSc company, UK. We also 

developed a user guide to help investigators identify high fatigue level duties in the pilot’s roster. 
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Figure 2-7 Use of Fatigue Bio-mathematical Models   

3. Integrated Fatigue Risk Factors Diagram 

In the part 3 of this paper, an integrated fatigue risk factors diagram (See Figure 3-1) is introduced to explain 

the fatigue risk factors that should be considered during the investigation. 

In the central part of the diagram, it comprises fatigue causes, symptoms, and fatigue-induced unsafe acts and 

events. Investigators need to collect evidences to test for existence of these fatigue risk factors and their 

influence relations. For fatigue causes, there are seven kinds of causes need to be examined, which have been 

listed in the Figure 1-3; Regarding Fatigue symptoms, there are three kinds of symptom as follows: emotional, 

cognitive, and physical symptom respectively. In the TTSB fatigue guide, it provide detailed behavior 

indicators for each fatigue symptom to help investigators easily identify them.  

In the upper part of the diagram, it convers fatigue management responsibilities share by the crewmember, 

airline, and regulator. For crewmembers, investigators need to check fatigue countermeasures available and 

their effectiveness; Regarding airlines, not only to evaluate their fatigue management strategies, but also 

consider to examine their operational demand, scheduling and manpower management; If necessary, 

investigators also need to understand how a regulator to require for and assist in airlines establishing an 

effective fatigue management system. 

In the Figure 3-2, it points out that when investigators use operational experience and/or fatigue bio 

mathematical models to identify high fatigue level in the flight duty, they should consider to go further to 

collect data related to operational demand and pilot manpower. This is because if the manpower was not able 

to meet operational demand, an airline might make unsafe decision to increase fatigue risk of pilot scheduling, 

for example to prolong flight time or increase maximum flight sectors per duty. 
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Figure 3-1 Integrated Fatigue Risk Factors Diagram   

 

Figure 3-2 Effect of Operational Demand Over Pilot Manpower     
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4. Fatigue Analysis of the GE222 CFIT Accident 

On 23 July 2014, an ATR72-500 aircraft, registered B-22810, TransAsia Airways (TNA) flight GE222, with 

two pilots, two cabin crew, and 54 passengers, was being operated on an instrument flight rules (IFR) regular 

public transport service from Kaohsiung to Magong in the Penghu archipelago. At 1906 Taipei Local Time, 

the aircraft impacted terrain approximately 850 meters northeast of the threshold of runway 20 at Magong 

Airport and then collided with a residential area on the outskirts of Xixi village approximately 200 meters to 

the southeast of the initial impact zone. At the time of the occurrence, the crew was conducting a VOR non-

precision approach to runway 20. The aircraft was destroyed by impact forces and a post-impact fire. Ten 

passengers survived the occurrence and five residents on the ground sustained minor injuries.  

The occurrence was the result of controlled flight into terrain, that is, an airworthy aircraft under the control 

of the flight crew was flown unintentionally into terrain with limited awareness by the crew of the aircraft’s 

proximity to terrain. The crew continued the approach below the minimum descent altitude (MDA) when they 

were not visual with the runway environment contrary to standard operating procedures. The investigation 

report identified a range of contributing and other safety factors relating to the flight crew of the aircraft, 

TransAsia’s flight operations and safety management processes, the communication of weather information 

to the flight crew, coordination issues at civil/military joint-use airport, and the regulatory oversight of 

TransAsia by the Civil Aeronautics Administration (CAA). 

Fatigue Analysis 

There were totally 46 findings related to the GE222 occurrence in the official final report. This study only 

focus on fatigue issues associated with the GE222 accident. 

Fatigue is a major aviation human factors hazard because it can impair a crew’s performance.  

To establish the potential presence and influence of fatigue, it is important to:  

 Determine if the crew were susceptible to fatigue; 

 Evaluate if the crew’s presentation, performance and behaviors at the time of the occurrence were 

consistent with the effects of fatigue. ,   

Symptoms of Fatigue Identification: 

In this case, there was not enough evidences to support the First Officer’s performance was affected by human 

fatigue. However, the captain had obvious fatigue physical symptoms. From the CVR, the captain stated he 

was very tired and yawning several times. The captain also had cognitive and emotional symptoms related to 

fatigue. The detailed information regarding fatigue symptoms of the GE222 captain is described in the Figure 

4-1. 

Fatigue Causes Examination: 

Several contributing factors of fatigue as identified by the TTSB fatigue guide were evaluated during the 

investigation. The captain’s medical records and toxicology report did not indicate that he was adversely 

affected by any medication or physical health problem. The occurrence flight was not at a time that 

corresponded with a normal individual’s circadian low, where human performance was not optimal. The 

possibility of sleep-related fatigue, including acute sleep disruption, chronic sleep disruption and extended 

wakefulness, were unable to be assessed because specific information about the captain’s wake/sleep cycles 

in the days before the occurrence were not available. The detailed information regarding the examination of 

sleep related fatigue causes of the GE222 captain is described in the Figure 4-2. 
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Figure 4-1 Fatigue Symptoms of the GE222 Captain 

 

Figure 4-2 Fatigue Causes Examination for GE222 Captain 
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However, workload might be a fatigue risk factor in this accident. Workload on the occurrence date was 

increased due to typhoon and flight delay. In addition, the last 3-month high workload condition might be a 

probable cause of the captain’s fatigue. The detailed information regarding workload factor of the GE222 

captain is described in the Figure 4-3. From Figure 4-3, it indicated that:     

 Cumulative flight time of the last 90-days prior to the occurrence significantly increased and was the 

highest within the recent two-year period for GE222 captain. 

 Considering the captain’s age was over 60 years old, it might be hard for the captain to adapt himself to 

high flight time. 

Due to essential evidences related to several fatigue causes were not available or not support except the 

workload factor, the captain’s fatigue issue was concluded as a finding related to risk, instead of a finding 

related to probable cause. 

The fatigue analysis concluded that at the time of the occurrence, the captain’s performance was probably 

degraded by his fatigue accumulated from significantly increasing and high flight time during the months 

preceding the occurrence. 

 

Figure 4-3 Workload Factor of the GE222 Captain 

Operational Demand and Pilot Manpower Examination: 

Before the GE222 occurrence, the TNA was experiencing a period of significant growth and change in 

operations: the introduction of the ATR72-600 and the general growth in revenue flights. However, the airline 

was also experiencing a shortage of ATR flight crew and a subsequent significant increase in flight and duty 

times. 

The Figure 4-4 shows that the recent 2-year statistics data prior to the accident related to the operational 

demand, pilot manpower and scheduling respectively, you can see all operating indicators increased but the 

number of pilot decreased, resulting the fatigue risk of the scheduling increased. 
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Figure 4-4 Operational Demand and Pilot Manpower Examination 

Fatigue Management Review: 

This investigation also reviewed the fatigue management of the TNA and identified that it only had basic 

fatigue management measures required by the regulation, and fatigue risk management of the airline was 

inadequate. The high flight time due to pilot shortage and increasing operation demand was raised to the senior 

manger by staff of the airline before the occurrence. However, the airline might think the flight time still 

within the restrictions and did not resolve this issue eventually. The detailed information regarding the fatigue 

management review is described in the Figure 4-5. 

In the investigation report, it recommended the airline to improve pilot shortage problem, to implement an 

effective fatigue risk management process, and to provide flight crew with adequate fatigue countermeasures 

training. It also recommended the regulator to develop detailed guidance for operators to implement effective 

fatigue risk management processes and training 
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Figure 4-5 Fatigue Management Review 

  

5. Conclusions  

In this study we concluded that: 

(1) The integrated fatigue investigation methodology could provide investigators a comprehensive diagram 

that combines with fatigue-related factors and depicts their relations for a better understanding of content 

of fatigue investigation. 

(2) The development of the fatigue investigation guide could provide investigators essential knowledge, 

processes, and tools of data collection and analysis, which is beneficial to quality of fatigue investigation.   

(3) Recommend Foundation convene fatigue related experts based on the existed researches and manuals to 

further develop fatigue investigation training course. 
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