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Abstract

The demands for air transportation keep growing steadily and issues of flight
safety are the most important. Human factors are the main reasons for air incidents and

accidents, of which pilot-controller communication error is one of the noticeable issues.

Most studies addressed this issue with international statistical data, not personal
experiences of pilots and controllers in Taiwan. From the subjective results of a
questionnaire survey, this study first examined which factor may lead to which
communication errors, and next found out which communication error may cause
specific aviation occurrences. Third, comparing different results between pilots and

controllers and finally this study provided practical implications and suggestions.

By Exploratory Factor Analysis, this study extracted five factors, including
workload, linguistic factors, pilot anticipation, similar call sign, and frequency
change. Besides, this study found two communication errors as readback and
hearback error and no pilot readback, and two main aviation occurrences, including
runway incursion and altitude/heading deviation. From pilots’ viewpoints, the
significant factors comprised workload, pilot anticipation, and frequency change,
whereas controllers think those are linguistic factors, pilot anticipation and similar
call sign. Furthermore, this study found the different relations between
communication errors and aviation occurrences based on pilots and controllers’
opinion. All results suggest pilots and controllers, airlines and government focus on

the factors and improve to avoid communication errors and aviation occurrences.

Key words: pilots, air traffic controllers, communication errors, aviation

occurrences, Multiple regression analysis
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Chapter 1 Introduction

1.1 Research background and motivation

As aviation transportation has become an essential carrier for international travel,
demands for air transport maintain a steady growth. International Air Transport
Association (IATA) 20-year passenger forecast (2016a) predicted that air passengers
would grow from 2016°s 3.8 billion to 2035’s 7.2 billion as nearly doubled. Crabtree
et al. (2016) also forecasted in a Boeing’s report that global air cargo traffic would
increase from 223 billion RTKs in 2015 to 509 billion RTKs in 2035. This suggests
the rising dependency on air transportation, leading to more intensive flow of air
traffic in the sky. Flight safety at the same time is a foreseeably more noteworthy
issue in this trend. It relies on the perfect communicative cooperation between pilots
and air traffic controllers (abbreviated as “controller’) to prevent from conflicts and
accidents. Human factors are majority of incidents and accidents in civil aviation, and
communication is one of this kind of factors which includes many phases of problems.
Among these problems, communication error between the pilot and controller plays

an important role (1ATA, 2016b).

Because pilots and controllers are unable to talk face-to-face during flight time,
communication can be done with voice messages exchanging via radiotelephones and
controller-pilot data link communications (CPDLC) with texted words. As CPDLC
Is currently a supplement for some routine voice communication (FAA, 2016a), pilots
and controllers still contact orally. This can be explained as voice is more temporal
and often more salient than the visual modality (Sorkin, 1987). Also, voice clearance

may draw a more immediate response (Lozito et al., 2003).



In line with continuous increase of air traffic volume nowadays, the oral
transmitting channel may be congested on the same frequency to make effective pilot-
controller communication more difficult, where is the hotbed for communication
errors. What are more noticeable are that much research found other critical factors
which also affects communication, included linguistic factors (accent, multiple
instructions, and non-standard phraseology), workload, call sign confusion, pilot
expectation, blocked transmission, frequency change, etc (Cardosi et al., 1998; Van
Es, 2004; Wever et al., 2006; Geacar, 2010; Barshi & Farris, 2013; Cummings, 2013;
Molesworth and Estival, 2015). Most of these studies followed the factor-error-
occurrence framework to explore the causal relation that different factors can result
in different communication errors and continue to cause undesired states as incidents,
and finally, if worse, lead to accidents with fatalities. The incidents and accidents,
according to International Civil Aviation Organization (ICAQO) (2013), belong to
“Aviation occurrence”, this research thus adopts this phrase to stand for all the results
of communication errors. Aworldwide known aviation occurrence is Tenerife disaster,
the deadliest accident in aviation history, which was a runway incursion from the
miscommunication due to readback with non-standard phraseology, pilot expectation
and high workload, finally leading to the collision of two heavy aircraft, taking 583

people lives away.

Many new technologies have been continuously innovated and tested to upgrade
the efficiency and capability of global air traffic system, of which the reduction of
communication errors of pilots and controllers is indispensably included. CPDLC
DCL (Departure clearance) with texted messages exchanging decreases pilots and

controllers’ workload, frequency congestion, and provides visual transmission to



prevent errors. The other example is an innovation now under tested named AcL.istant,
with automatic speech recognition to follow pilot-controller communication and
support arrival manager systems for any timely deviation of the instructions, lowering
controllers’ workload and ensuring the efficiency of communication (Hartmut et al.,
2016). However, oral messages exchange is still the main way of pilot-controller

communication, breakdown keeps inevitable and should definitely be faced squarely.

Although pilots and controllers share the responsibilities for upholding flight
safety, they respectively have their own profession and errands. Global Aviation
Information Network Working Group E (2004) pointed out that responsibilities and
operational priorities of pilots and controllers are different. One of the reasons is that
pilots are trained to act in order as “aviate, navigate, and communicate”. However,
controllers place their priority on “communication”, which is the means for them to
exercise their job responsibilities. Therefore, the experiences and memories of pilots
and controllers are different and their perceptions of each other’s workplace
environment, motivations, responsibilities, or expectations are often inaccurate and
incomplete. It can be inferred that pilots and controllers possess different viewpoints

on communication error issues.

IATA Annual Review (2016c) indicated that aviation’s center of gravity keeps
shifting eastward. One of the evidence is that seven of the top ten increasing origin-
destination passenger markets were located in Asia in 2015. Taiwan is an important
local hub in East Asia, and main airlines in Taiwan have various route services
directed around the world (Chang et al., 2015). The 2015 Annual Report of Taiwan
Air Navigation and Weather Services (ANWS) (2016) pointed out that recently, total

flights of air traffic control (including all area control, approach control, and



aerodrome control) in Taiwan remain increasing, and Figure 1.1 shows this trend. In
pace with the gradually denser air traffic, it can be inferred that the occurrences of

communication errors between pilots and controllers may rise as well.

Many related aviation occurrences in Taiwan reported previously do show the
potential threats to safety. An example is the case from TAiwan Confidential Aviation
safety REporting system (TACARE), an altitude deviation occurred due to pilot
expectation and the absent pilot’s readback. Another case is the Antonov-124 runway
incursion (CAA, 2010) owing to controller’s workload, leading to the incapability of
correcting the pilot’s problematic readback. These incidents in fact had big chances
to develop to more severe situations, which should really be focused on and avoided.
Therefore, as now the communication errors are predicted to increase, it’s imperative
to explore the factor-error-occurrence relation on this urgent issue and develop

strategies to improve the quality of pilot-controller communication for flight safety.

Here is still little research on pilot-controller communication errors in Taiwan,
and many foreign studies on this topic often do statistical analysis with real data
reported which are events from the same region. Objective result is the merit of this
method, Nevertheless, evidences based on limited number of reports cannot embody
the true feeling of pilots and controllers. Besides, statistical data were lacking in
Taiwan and circumstances in foreign countries are not necessarily consistent with that
in Taiwan. Hence, this study tries to conduct a survey of pilots and controllers having
frequent duties in Taiwan to find out the factor-error-occurrence relationship
according to their experiences and professional opinions, and furthermore, to see if
there is any cognitive difference between pilots and controllers on this

communicative issue, and finally, to check if there is any different result from past



data and research.
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1,500,000
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Figure 1.1 Total flights of air traffic control from 2011 to 2015
Source: ANWS, CAA, MOTC (2016)

1.2 Research purpose

Based on the background and motivation, this study mainly focuses on the
relationship of the contributory factors and types of pilot-controller communication
errors, and related aviation occurrences. The purposes of this research are listed as

following:

(1) To explore the common contributing factors of pilot-controller communication

errors, types of communication errors, and related aviation occurrences.

(2) To explore the significant difference between the cognition of pilots and

controllers to the factors, communication errors, and occurrences.

(3) To verify the significant factor-error-occurrence relationship with line-operating
pilots and controllers based on their experiences and professionally viewpoints

through a questionnaire survey.

(4) Based on the results, understanding the current frequencies of the factors,

communication errors, and aviation occurrences related to the errors to provide



suggestions for pilots, controllers, airline carriers, and government authorities,

thereby to improve the flight safety.
1.3 Research scope and object

The sample population in this study is researched from air traffic controllers in
Taiwan and pilots of Taiwan main airlines by the questionnaire method. The
questionnaires are all done with papers. It is planned to distribute 100 questionnaires
for pilots and 40 questionnaires for controllers. Sample population of pilots are
divided into native and foreign, whereas all controllers are native in Taiwan and

include area, approach, and tower control.

1.4 Research procedure

Based on the purpose of this study, the research procedure is constructed as
shown in Figure 1.2.

Chapter 1 states the importance of exploring the factors-error-occurrence
relationship of pilot-controller communication as the background and motivation, and
defines scopes and objects. Chapter 2 introduces pilot-controller communication
process and lists the factors, communication errors between two sides, and related
occurrences of according to several related literature reviews, international aviation
associations and authorities’ suggestions. Besides, it provides some case studies and
analyze the pilot-communication error in each incidents and accidents as a
verification of the factors, errors, and occurrences listed in the previous section.
Adopting the factors, errors and occurrences selected, the third stage is to establish
the framework, hypothesis and methodology and at the same time design the
questionnaire with experts’ advices. After the completion of formal questionnaire, it

is distributed to controllers and airlines’ pilots. In Chapter 4, an empirical analysis is



conducted to understand the results of the questionnaire. The final step includes the
overall conclusions and contributions as well as some suggestions for improvement

in the future.
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Chapter 2 Literature Review

This study mainly focuses on the communication errors between pilots and air
traffic controllers, and the related aviation occurrences result from the errors.
Therefore, five sections are in this chapter. The first section introduces the definitions
and job characteristics of a pilot and an air traffic controller respectively, and the
relationship between two sides. The second section introduces the communication
process and the communication errors, and then discusses the types of pilot-controller
communication errors. The third section introduces the factors of pilot-controller
communication errors and the related aviation occurrences. The fourth section
summarizes the causal connection of the communication errors and the occurrences
mentioned in the previous sections. Finally, the last section reviews several incidents

and accidents cases and explores the factor-error-occurrence relation.

2.1 Definitions, job characteristics and relationship

2.1.1 Definitions and job characteristics of pilot
(1) Definitions of pilot

According to ICAO Annex 1 (2011), the definition of Flight crew member “is a
licensed crew member charged with duties essential to the operation of an aircraft
during a flight duty period.” On the other hand, the annex defines pilot as “To

manipulate the flight controls of an aircraft during flight time.”

Taiwan Civil Aeronautics Administration (CAA) Aircraft Flight Operation
Regulations (2016) defined Single flight crew as “A composition of flight crew during

aircraft flight time no less than the required by the flight manual for that type of



aircraft. It shall include a pilot in command, a co-pilot and a flight engineer if
applicable.” Besides, Aircraft pilot is defined by Taiwan CAA Regulations
Governing Licences and Ratings for Airmen (2015) as “The person conducting the
flight operation of an aircraft, who is the holder of appropriate type rating and valid

medical certificate. A licensed pilot includes pilot in command and co-pilot.”

Flight crew members are often thought to be inclusive of pilots, flight engineers,
and cabin crew members. To avoid confusion, this study therefore adopts “Pilot” to

represent every civil air transport pilot, setting the subject accurately.

(2) Job characteristics of pilot

Pilot in command refers to “The pilot designated by the operator, or in the case
of general aviation, the owner, as being in command and charged with the safe
conduct of a flight” (ICAO, 2011). The Federal Aviation Regulations / Aeronautical
Information Manual (FAR/AIM) (2017) defined pilot in command as “The person
who - (1) Has final authority and responsibility for the operation and of the flight. (2)
Has been designated as pilot in command before or during the flight. (3) Holds the
appropriate category, class, and type rating, if appropriate, for the conduct of the
flight.” Summarizing the references above, pilot in command is the leader of the flight
crew members on an aircraft, and is given the highest authority and responsibility for

the safe operation during the flight.

Jeppesen (2017), a Boeing Company, provided numerous and professional air
transport pilot training courses, as communication and air traffic control (ATC)
courses are two of them. Besides, English is currently the most wide-used language

among air community. Therefore, apart from the courses, personnel trying to become

10



an air transport pilot, has to meet ICAO Operational Level 4 in pronunciation,
structure, vocabulary, fluency, comprehension and interactions (ICAO, 2009), and
meanwhile be able to communicate effectively in voice-only with telephone or

radiotelephone and in face-to-face situations (ICAO Annex 1, 2011).

Crew resource management (CRM) is a necessary process in contemporary pilot
training around the world. Originated from the reflections of air accidents result from
human factors, CRM is the effective utilization of all available resources to achieve
safe and efficient operation. The goal is to strengthen the communication and
management skills of the flight crew member concerned (EASA, 2014). Currently,
one of the CRM definitions includes all groups routinely working with the cockpit
crew involved in decisions required to operate a flight safely (FAA, 2008a).
Obviously, the groups include air traffic controllers, whom pilots keep

communicating with during the flight duty.
2.1.2 Definitions and job characteristics of air traffic controller
(1) Definitions of air traffic controller

FAR/AIM (2017) defined air traffic control (ATC) as “A service operated by
appropriate authority to promote the safe, orderly, and expeditious flow of air traffic.”
Taiwan CAA Regulations Governing Licences and Ratings for Airmen (2015)
defined air traffic controller as “Licenced public service personnel who holds on
appropriate type rating and valid medical certificate authorized to perform a safe,

orderly and expeditious control service to facilitate the pilot accomplishing a flight.”

This study adopts “controllers” as representation for all the members involved in

the ATC system communicating with pilots.

11



(2) Job characteristics of air traffic controller

ATC is responsible for the safe and efficient flow of air traffic in and out of
airports that are served by control towers, and enroute between airports (Barshi &
Farris, 2013). In order to accomplish the responsibilities mentioned above, according
to Belobaba et al. (2015), ATC provides four basic services as Separation assurance,
flight information (e.g., weather reports and renewed airports conditions), search and
rescue, and finally, congestion management. Besides, ATC has generic elements
which are surveillance, communication, and navigation system. The communication
system is for controllers’ issuances of instructions and clearances. Recently, “Air
Traffic Management” (ATM) has been more widely used than “air traffic control.”
EUROCONTROL (2017) categorized three distinct activities in ATM which include
air traffic control, and the other two activities are “Air Traffic Flow Management”

and “Aeronautical Information Services.”

The training of an air traffic controller based on EUROCONTROL (2008) is
divided into four stages which are initio, unit, continuation, and development training.
One of the basic initial training courses is communication, for ensuring that the ATC
communication is effectiveness in all circumstances. Besides, same as pilots, a person
has to meet ICAO Operation Level 4 English standard to be qualified as an air traffic

controller.

Motivated by the CRM for pilots, Team resources management (TRM) emerged
to be the strategies for the best use of all available resources to optimize the safety
and efficiency of air traffic services. The resources include information, equipment

and people. As “people” resources mentioned here, it represents the teamwork of the
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ATM system, which not only includes the controllers’ cooperation with each other
but also that, an essential issue, between controllers and pilots (EUROCONTROL,

1996).

2.1.3 Relationship between pilot and controller

For the purpose of fulfilling the responsibility for keeping the safety and
efficiency of air traffic, controllers use voice-over radio to communicate with pilots
(and recently some vocal messages are replaced by Controller—pilot data link
communications, as known as CPDLC). Controllers issue instructions or clearances
to provide pilots the information such as altitudes, speeds, navigation directions, real-
time and forecasted weather, and the air traffic flow. As pilots, especially the pilot in
command, is responsible for the operation and the comprehensive safety of an aircraft,
unless the instructions and clearances would have potential occurrences, putting the
aircraft and its occupants in danger, pilots should follow the instructions and

clearances issued by controllers (Barshi & Farris, 2013).

FAA Aeronautical Information Manual (2014) provided the procedures for

controllers and pilots in the ATC Communication, and are listed below :

(1) Pilots

(i) Acknowledges receipt and understanding of an ATC clearance.

(if) Reads back any hold short of runway instructions issued by ATC.

(ili) Requests clarification or amendment, as appropriate, any time a clearance is not
fully understood or considered unacceptable from a safety standpoint.

(iv) Promptly complies with an air traffic clearance upon receipt except as necessary

to cope with an emergency. Advises ATC as soon as possible and obtains an
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amended clearance, if deviation is necessary.

(2) Controllers

(i) Issues appropriate clearances for the operation to be conducted, or being
conducted, in accordance with established criteria.

(if) Assigns altitudes in IFR clearances that are at or above the minimum IFR
altitudes in controlled airspace.

(iii) Ensures acknowledgement by the pilot for issued information, clearances, or
instructions.

(iv) Ensures that readbacks by the pilot of altitude, heading, or other items are correct.

If incorrect, distorted, or incomplete, makes corrections as appropriate.

The careful coordination between pilots and controllers is critical to flight safety,
the correctness, completeness and clearness of the information exchange between two

sides therefore are the key points to achieve the good coordination.

2.2 Communication process and communication error

This section first presents the communication process model, and then introduces
in what situation communication error would occur, and at last, discusses the types

of pilot-controller communication error.

2.2.1 Communication process

Communication is “An interaction, involving two or more participants, in which
information is transmitted, with the sender having the intention to change the
knowledge state of the receiver” (Doherty-Sneddon, 1995). This communicative act

can be said to have been accomplished when the relevant mental representations of
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the participants have been aligned. Individual, group, or organization are unable to
exist without sharing meaning among its members (Robbins & Judge, 2012). As a

result, we convey information and ideas.

David K. Berlo (1960) postulated a famous model of communication named
Sender-Message-Channel-Receiver (SMCR) Model which is an extent of Shannon
and Weaver's Model of Communication (1949). Figure 2.1 presents the
communication process extracted from Berlo’s model. According to the figure, a
communication process is from the sender encoding the message, then sends it
through a channel (medium) to the receiver, and decoded by the receiver as final. The
model presented a one-way information transmitting process, which was improved

by many studies afterward.

Encodes Decodes

Receiver

4
A 4

Source Message > Channel

Figure 2.1 Berlo’s Communication Process
(Berlo, 1960)

Robbins and Judge (2012) indicated that communication is not merely
unidirectional message imparting. The message must also be understood.
Communication must include both the transfer and the understanding of meaning,
making the communication effective. In other words, effective communication is a
two-way process that requires effort and skill by both sender and receiver (Lunenburg,
2010). To verify that the receiver understands, believes and accepts the sender’s
message, giving feedback to the sender plays an essential role, as the receiver

transforms into the sender, encoding the message to response. Additionally, it is
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inevitable of noises and barriers obstructing the communication process, leading to
the failure of information sharing. Thus, these negative elements should also be
included in the communication model. Figure 2.2 shows the communication model
constructed by Robbins and Judge (2012) in the study of organizational behaviors.
Based on Berlo’s model, they added issues of noise and feedback to the process, and

it was referred by many study fields.

Sender Receiver

M'%ssglege Encoding =— 5 Channel ==  Message Message

message received decoding

.
hataas Noise "'JJJ'
Feedback

Figure 2.2 Robbins and Judges’ Communication Process
(Robbins and Judge, 2012)

sent

Sets pilots and controllers into the process :

(1) Sender and Receiver

Communication must involve two or more participants, the sender and the
receiver is controller and pilot, while the sender-receiver role doesn’t maintain but

keep exchanging during the process.

(2) Encodes and Decodes

Instructions, clearances, weather or airport information, etc. which a controller
intends to transmit to a pilot, would be encoded to symbols and words, then the pilot
would realize the given message through decoding and translating it into controller’s

original intention. When effective communication is at work, what the pilot decodes
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is what the controller sends (Zastrow, 2001).

(3) Channel

A channel is a place through which the message is exactly sent to the receiver.
Currently, voice with radio contact is the main channel for the communication
between controllers and pilots, while sometimes texts with data link plays coefficient

channel to support the congested frequency situation.

(4) Feedback

After receiving and understanding the messages from the controller, the pilot
changes to the sender, conveying the responsive messages back to controller, as it is
so-called “readback”, which is a procedure for the controller acknowledging the

pilot’s comprehension of his or her own intention.

(5) Noise

Noise represents communication barriers that distort the clarity of the message,
increasing the possibilities for pilot-controller communication error. The detail will

be discussed in the next subsection.

An effective communication depends on pilots’ and controllers’ good operation
of both encoding and decoding. That is the reason for global regulation of standard
phraseology of pilot-controller radio contact to make coding methods as similar as
possible. Apart from the coding issue, giving feedback to the sender is also an
indispensable element to the success of communication. Once the controller confirms
the pilot’s understanding the instruction or corrects pilots’ misunderstanding through

the readback, the corresponding action of the pilot can be foreseen as meeting flight
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safety. Figure 2.3 shows a pilot-communication loop that embodies the

communication process.

{::.-'J_JC Clearance ::'__‘3

Acknowledge Transmit
or Corract

//

F

%II

— — Listen
I/f- Confrollers ™ ——

Hearback ' Pilots
K"“‘“--__ __--'*'j ( Readback Py
Listen Tranzmit

Figure 2.3 Pilot-controller communication loop
(Flight Safety Foundation, 2000)

2.2.2 Communication Error

A breakdown in the communication process may occur if the intended message
was not encoded or decoded properly (Baron, 2010). Communication error takes
place and contributes to miscommunication if there are discrepancies between the
mode of encoding and decoding, showing a distorted and ineffective communication
result. However, problems not merely at the coding-involved steps but at every link
can be related to communication error. This is attributed to barriers interfering with
the communication process, and collectively known as “noise” in Robbins and Judges’
model. Every step in the model is likely to be the place where barriers exist, and the
six common barriers are classified by Robbins and Judge (2012) as filtering, selective

perception, information overload, emotions, language, and silence.
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Because pilots and controllers are not visible to one another, they are unable to
rely on visual cues to facilitate communication (Uplinger, 1997). Flight Safety
Foundation (FSF) states that until data link comes into widespread use, pilot-
controller contact will depend on voice communications (FSF, 2000a). It is inevitable
that communication error takes place in the oral-only communication situation (Wang,

2007).

ICAO Threat and Error Management (TEM) in Air Traffic Control (2005)
presented a threat-error-undesired states framework. The framework indicates that
threats would lead to errors and would continue to create undesired states and finally
bring about air accidents, while the bad consequence can be prevented with efficient
management to every link in the framework. Communication error is one of the three
basic error categories under the framework, identifying the situation that controller
incorrectly interacts with people such as pilot. Set into the framework, pilot-controller
communication error is often generated from threats such as high traffic flow or
severe weather and it may be followed by undesired states, also known as flight
occurrences, that can cause air incidents and accidents. Integrating partial TEM
framework and the communication process built up by Tseng (2007) in a study of the
cockpit-cabin communication, the occurrence and management of pilot-controller
communication error is designed and shown in Figure 2.4. Based on the concept of
Figure 2.4, a principal factor-error-occurrence relation of communication error

between pilots and controllers is displayed in Figure 2.5.
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Figure 2.4 Occurrence and management of pilot-controller communication error
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Figure 2.5 Principal factor-error-occurrence relation

An analysis of Aviation Safety Reporting System (ASRS) reports (Cardosi et al.,
1998) sponsored by FAA Office of the Chief Scientific and Technical Advisor for
Human Factors and two EUROCONTROL air-ground communication safety studies
(Van Es, 2004; Wever et al., 2006) collecting data from an occurrence reporting
campaign addressing European airlines and Air Navigation Service Providers (ANSP)
found common factors of communication errors, the error types, and the related flight
occurrences. This study mainly refers to these three materials along with other
supplement studies, then integrates and introduces them in the following section of

this chapter.
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2.2.3 Types of pilot-controller communication error

Figure 2.6 displays the distribution of communication error types sorted out in
Cardosi et al. (1998) study; Figure 2.7 and Figure 2.8 displays reported
communication problems in two EUROCONTROL studies (Van Es, 2004; Wever et
al., 2006) of which readback/hearback error, no pilot readback, and hearback error
are concentrated on. The summation of main items are not 100 percent in the three
figures since three studies all have the “other” category which does not belong any

type or which could not be classified due to a lack of information.

60%
47%
40%
25%
0,
0% . 18%
Readback/Hearback No readback Hearback 11

Figure 2.6 Types of communication errors
Source: Cardosi et al. (1998)
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Figure 2.7 Distribution of generic communication problems
Source: Van Es (2004)
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Figure 2.8 Reported communication problem
Source: Wever et al. (2006)

(1) Readback/Hearback error

The pilot reads back the clearance incorrectly and the controller fails to correct
the error (Cardosi et al., 1998). Following is an example:

The controller said: “XXX 321, climb and maintain one one thousand,” then the
pilot read back “Roger, climb and maintain one zero thousand, XXX321.” This is an
readback error at first because the pilot should have responded as 11000 for altitude.
If the controller did not notice and correct the error, the second error as hearback error
would be formed. Consequently, the errors in two steps combine into the
readback/hearback error. It is more prone to happen on a congested frequency, for the
controller has no chance to correct the pilot’s wrong response (EUROCONTROL
SKYbrary, 2013). As the figures present, this is the most common pilot-

communication errors, and it would result in various flight hazards.

(2) No pilot readback

A lack of a pilot readback. The pilot does not indicate to the controller that he/she

understands the clearance by repeating (reading back) the message (Wever et al.,
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2006). This error also includes the situation that pilots responds with partial (i.e. only
with “ROGER” or “WILCO”) instead of the full safety-related parts of ATC
clearances and instructions which must be always read back (ICAO, 2007a). The
safety-related parts include runway in use, heading and speed, clearance and
instruction to enter land and take-off on, hold short of, cross or backtrack on a runway;,
etc (Airbus, 2004). Congested frequency, in which is hard to break in the continuous
transmission exchange and pilot’s complacency can lead to this error (Cardosi et al.,

1998).
(3) Hearback error

The controller fails to notice his or her own error in the pilot's correct readback
or fails to correct critical erroneous information in a pilot's statement of intent (Van
Es, 2004). Hearback Il in Figure 2.5 stands for the same meaning as hearback error.
An instance is provided as a controller issued a left turn instruction while a right turn
is intended, and the pilot read back “turn left” correctly, but the controller failed to
notice and revise. This highlights the importance of controller listening readbacks or

statements of intend cautiously to prevent from a series of erroneous results afterward.

2.3 Factor and related aviation occurrence of pilot-controller

communication error

This subsection first introduces the contributory factors of pilot-controller
communication errors, including six common factors and next, it introduces the
aviation occurrences related to the errors, including four common occurrences

mentioned in literatures.
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2.3.1 Factor

(1) Similar call sign

An aircraft call-sign is a group of alphanumeric characters used to identify an
aircraft in air-ground communications (ICAO, 2013). Most of airline call signs follow
one of the rules laid down in ICAO Annex 10 (2001), consisting of the telephony
designator of the aircraft operating agency, followed by the flight identification with
no condition for permission to be abbreviated. ICAO (2016a) Doc 4444 stated that in
radiotelephony, the telephony designator (e.g. KLM511, NIGERIA213) contained in
ICAO (2016b) Doc 8585 is used instead of the three-letter designator (UAE, CAL).

Because most aircraft call signs use numeric flight identification, on the same
frequency that multiple aircraft call signs with identical airline designators and/or the
same or similar numbers can result in call sign confusion (Cardosi et al., 1998). It
was the single most contributing factor to communication error in Cardosi et al.
(1998), Van Es (2004), and Wever et al. (2006) which can easily lead to
readback/hearback error. Several airlines adopt alpha-numeric call sign (e.g.
UAES9CG) to prevent call sign confusion, but it is now only prevailing in European
Region. A controller is responsible for notifying each pilot concerned when
communicating with aircraft having similar identifications (FAA, 2010); on the other
hand, pilot shouldn’t be reluctant to correct a call sign discrepancy caused by the

controller (Cardosi, 2010) to avoid the occurrence of communication errors.
(2) Workload
Workload is based on the difference between the amount of resources demanded

by the task situation and the amount of resources available by the operator to perform
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in the task situation. It can be changed by altering the demands of the task on the
operator and/or the amount of resources available within the operator (Watson et al.,

1996).

Gawron et al. (1989) defined pilot workload with two elements. First, it is “what
the pilot is required to accomplish with the aircraft,” which indicates that pilot
workload increases with difficulty and the number of tasks. Secondly, “the conditions
or circumstances under which the required operation is to be conducted,” suggesting
that adverse conditions such as fatigue, severe weather, equipment malfunction, etc.
(EUROCONTROL SKYhbrary, 2016a). On a congested frequency, it is often hard to
communicate with the controller due to the blocked transmission, where pilot
workload is thought to be strong because of the necessity to resolve the confusion,

and this can also increase controller workload (EUROCONTROL SKYbrary, 2013).

Next, for controller workload, it in response to those task loads will be a function
of what he/she brings with him/her to the situation (knowledge, abilities, and skills)
and what he/she must do in order to maintain a safe and expeditious traffic flow (Stein,
1985). Air traffic and sector characteristics, i.e. ATC complexity can generate
controller workload (Majumdar & Ochieng, 2002). ATC complexity, as the primary
factor of controller workload, can be measured by the physical aspects of the sector
(e.g., size), or factors relating to the movement of air traffic through the airspace (e.g.,
the number of climbing and descending flights), or the combination of above two
(Mogford et al., 1994). The procedures required in the sector, flight plans of the
aircraft, traffic load, weather, and other variables form the basis for the “tasks” the
controller must complete (Mogford et al., 1995). ATC complexity increases the

workload of the controllers (Majumdar & Ochieng, 2002) because of the inferred
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result of increased numbers and difficulty of tasks. In addition, severe weather,
fatigue, frequency congestion, and equipment malfunction can also strengthen
controller workload. (Brooker, 2003; Song et al., 2009; EUROCONTROL SKYbrary,
2013; EUROCONTROL SKYbrary, 2016a).

Increasing the pilots’ workload adversely affected their ability to communicate
effectively during flight (Molesworth & Estival, 2015). On the other hand, Skaltsas
et al. (2013) pointed out that an increase in traffic volume and exchanged messages
increases controller workload and fatigue, and thus reduces their capability to respond
on-time. According to Cardosi et al. (1998), pilot workload and controller workload
inclines to cause readback/hearback error, and controller workload is also the main
reason for hearback error, resulting in various flight safety hazards such as altitude

deviation, loss of separation, operational errors, etc.

(3) Pilot expectation

Pilot Expectation reflects the expectation bias in ATC. This bias is defined as
Having a strong belief or mindset towards a particular outcome (EUROCONTROL
SKYbrary, 2016b). Pilot expectation is the situation that a pilot hears what he or she
expects to hear rather than the actual instruction or clearance issued by the controller

(Cardosi et al., 1998).

Pilot expectation can be the result of pilot’s over-familiarity with the same route
schedules (EUROCONTROL SKYbrary, 2010) When the instructions are different
from what is expected, pilots may unintentionally revert to habit in their actions (FAA,
2008Db). This situation is reflected by pilots reading back what they thought they might

have heard, which can cause readback/hearback error next. Besides, the familiarity
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with the routine works may engender complacency and pilots therefore do not read
back as an acknowledgement to confirm the transmission from the controller, as
known as the no readbacks error (Cardosi et al., 1998). Since the expectation may
lead to communication errors and further pilot deviation, it’s important for pilots to
read back the instruction or clearance precisely and be willing to query the controller

if there is any difference from what they anticipate (FAA, 2012).

(4) Frequency change

There are many possibilities for errors appearing in pilot-controller
communication when a flight changes frequency. These include events such as pilot
tuning in the wrong frequency of the receiver on the plane, controller’s negligence of
handing off the flight to the next controller, and pilot missing a call from the controller
(FSF, 2006). The main related communication error due to frequency change was
readback/hearback error that it was one of the key factors in both Wever et al. (2006)
and Cardosi et al. (1996) studies. An example of the events is that pilot misunderstood

correct frequency and read back wrongly, and the controller failed to amend it.

(5) Blocked transmission

Blocked transmission plays an important role in pilot-controller communication
error and set the air traffic in jeopardy as well. Appendix 4 of European Action Plan
for Air Ground Communications Safety (AGC) published by EUROCONTROL
(2006) gave a clear and integral introduction. Blocked transmission can be result from
simultaneous transmission or radio interference. Simultaneous transmission is two
stations results in one of the two (or both) transmissions being blocked and unheard

by the other stations (or being heard as a buzzing sound or as a squeal). Transmissions
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by two aircraft or an aircraft and ATC at the same time results in a blocked
transmission that one or both transmissions will be blocked and not heard. Radio
interference includes the events such as unauthorized transmissions or breakthrough
from commercial stations leading to reception difficulties or the loss of all or part of

da message.

Readback/Hearback error is one of the error type due to blocked transmission. It
can make a controller assume that a message received is from a different flight and
Issues inappropriate instructions (Wever et al., 2006), leading to the conflict of flights.
The other error type is no pilot readback as EUROCONTROL (2006) stated that the
absence of a readback from the pilot should be treated as a blocked transmission and
prompt a request to the pilot to repeat or confirm the message. What’s more,
increasing amount of air traffic and frequency congestion would enhance the

occurrence of blocked transmission to flight safety (Rodgers, 2017).

(6) Linguistic factors

Linguistic problems can also breakdown pilot-controller communication. Barshi
and Farris (2013) indicated that these kinds of factors include English proficiency,
message length, message composition, rate of speech, accent, etc. Though from the
statistical data in Cardosi et al. (1998), Van Es (2004) and Wever et al. (2006), these
elements are not the top contributing factors of communication errors
(readback/hearback errors are the most obviously related), their significance still
manifest as many pilots and controllers in formal surveys emphasized the big issue

of linguistic-related events from their experiences (IATA, 2011; Wever et al., 2006).

English proficiency such as using standard phraseology, aids significantly by
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reducing any ambiguities of spoken language and hence promotes a common
understanding among people of different native languages, or of the same native
language but using or understanding words differently (IATA, 2011). There would be
obstacles to pilot-controller communication if non-standard phrases are used. As a
result, ICAO Doc 9432 (2007) as Manual of Radiotelephony provided the standard
phraseologies which should be followed in global aviation community. Table 2.1

shows some commonly-used phrases extracted from ICAO Doc 9432.

However, even phraseologies are used correctly, there are still some reasons for
communication errors. First, native English speakers in different regions or non-
native English speakers have various accents. This increases the difficulty for pilots
and controllers to understand each other (IATA, 2011). Second, controllers may
increase their speech rate and produce long messages with multiple items to reduce
the total number of transmissions (Morrow et al., 1993), but these strategies induce a
high potential to pilots’ incorrect readbacks (Rantanen & Kokayeff, 2002).
Molesworth and Estival (2015) found higher occurrences of communication errors
due to four or more items per transmission from the controller. Finally, it was also
discovered by Molesworth and Estival (2015) that prosodic features such as

transmission without pauses have higher possibilities for communication errors.
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Table 2.1 Examples of standard words and phrases

Word/Phrase Meaning

CLEARED | Authorized to proceed under the conditions specified.

ROGER | have received all of your last transmission

READ BACK Repeat all, or the specified part, of this message back to me

exactly as received.

| STANDBY | Wait and | will call you.

| WILCO (Abbreviation for “will comply”.) \

Source: ICAO Manual of Radiotelephony (2007)

It is important to pay attention on the frequency congestion problem. It often
appears to be associated with many factors leading to communication error such as
workload and blocked transmission and increases their effects, Therefore, the threat

of this supporter cannot be ignored.
2.3.2 Related aviation occurrence

Following is the introduction of aviation occurrences related to communication

errors, which are at the last step before the occurrence of an air accident.
(1) Altitude and heading deviation

It comprises pilot actions that deviate from assigned altitudes and headings (FAA,
2013), whereas FSF (2000b) provided more detailed explanation of altitude deviation
as a deviation from the assigned altitude (or flight level) equal to or greater than 300
feet. This is the top common flight safety hazard which can be resulted from all three

communication errors.
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A kind of phenomenon has high relation with altitude or/and heading deviation
(Cardosi et al., 1998). That is loss of separation, which occurs when there has not
been a clear application of a separation standard (Airservices Australia, 2015) made
by pilots, and it often happens right after the altitude or/and heading deviation. ICAO
Doc9689 (1998) points out that separation between flights can be applied horizontally

and vertically, and most countries follow the standard set by ICAOQ.

(2) Wrong aircraft

This is about the negative phenomena between instructions and aircraft which
can be dichotomized as two groups of circumstances. One is the pilot takes the
clearance or instruction that was for another aircraft (FSF, 2000a), which most are
caused by readback/hearback error; the other is the controller issues a clearance or an
instruction to the wrong aircraft (Cardosi et al.,1998), which may be the results of

readback/hearback and hearback error.

(3) Runway incursion

Its definition is “Any occurrence at an airport involving the incorrect presence
of an aircraft, vehicle, or person on the protected area of a surface designated for the
landing and take-off of aircraft” (ICAO, 2007b). FAA Pilot’s Handbook of
Aeronautical Knowledge (2016) also indicated that runway incursion may be caused
by an aircraft during its takeoff and landing as well as crossing a runway hold marking.
Most references use “Runway transgression” to identify the runway hazards caused
by communication errors (Cardosi et al.,1998; Van Es, 2004; Wever et al., 2006),
while its definition by NASA ASRS (2003) is included in runway incursion. Effective

pilot-controller communication is paramount to safe airport surface operations (FAA,
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2016b), but all three communication errors can beat the effectiveness and increase

the possibilities for runway incursion.
(4) Operational error

An Operational error occurs whenever there is a violation of aircraft separation
minima resulted from an element within the air traffic system. A violation may
involve, two or more aircraft, an aircraft and terrain or obstacles, or an aircraft landing
or departing on a closed runway after receiving air traffic authorization to do so (FAA,
2010). This aviation occurrence may be brought about by readback/hearback error

and hearback error.

2.4 Summary of the factor, error, and occurrence

Based on the literature reviewed, the factor-error-occurrence relationship is

summarized as following.

The common contributory factors of pilot-controller communication errors
include similar call sign, workload, pilot expectation, frequency change, blocked
transmission, and linguistic factors. Next, the common communication errors
between pilots and controllers are readback/hearback error, no pilot readback, and
hearback error. Lastly, the related aviation occurrences contain altitude/heading
deviation, wrong aircraft accepted the instruction or instruction issued to wrong
aircraft, runway incursion, and operational error. Table 2.2 shows the inferred factor-

error-occurrence relationship according to the literature reviews in this chapter.
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Table 2.2 The Factor-Error-Occurrence relationship

Factor of the error Aviation occurrence

Similar call sign Altitude/Heading deviation

Pilot expectation Readback/Hearback Wrong aircraft

Blocked transmission error Runway incursion

Linguistic factors Operational error

Altitude/Heading deviation

Pilot expectation No pilot readback
Runway incursion

Altitude/Heading deviation

Wrong aircraft

Workload Hearback error
Runway incursion

Operational error

2.5 Case studies

This section focuses on case studies of incidents and accidents caused by pilot-
controller communication errors from both Taiwan (as domestic cases) and
international. Two incidents in Taiwan are discussed. One is from Taiwan Civil
Aeronautical Authority’s investigation and the other is from TAiwan Confidential
Aviation safety REporting system (TACARE) instituted by Aviation Safety Council
(ASC). International cases include two accidents of which one occurred in Tenerife
and the other was in Alaska. After the description of each cases is a factor-error-
occurrence model analysis to indicate how the unfortunate result broke out as a way

to explore the connected relation.
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2.5.1 Case studies in Taiwan

(1) On December 6™ 2009, an anonymous pilot reported to TACARE that they made

an altitude deviation during the process from TPE Approach to TPE Control.

The air traffic controller instructed the pilots to climb and maintain FL320

and they requested FL380 after a correct readback. The controller first said

“standby” and after three minutes, saying” your final level is 340.” The pilots

thought it meant that they could continue to climb to FL340 and they did so

without any readback or question to the controller. An altitude deviation was

found as the controller inform the pilots of FL320, the real clearance given

(TACARE, 2009).

The factor-error-occurrence relation of this case is shown in Figure 2.9. In

this case, a no pilot readback took place. While the controller had not used

modifiers as “expect” or “will be”, the pilots were supposed to check the real

instruction and did the right action rather than followed their expectation.

Pilot
Expectation

No p||0t Altitude/
readback Heading
Deviation

Figure 2.9 The factor-error-occurrence relation of an altitude deviation in TACARE

(2) In the afternoon on July 15" 2010, a runway incursion caused by an Ukrainian

Airline (Antonov Design Bureau), an Antonov124, and almost had a collision

with a Singapore Airlines, an Airbus A330-300, in Taiwan Taoyuan International

Airport, as shown in Figure 2.10.
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Figure 2.10 Runway incursion caused by Antonov124
Graphic source: AVH/EAIP Taiwan

The pilot of the Antonov124 incorrectly read back as “cleared to cross the
runway” instead of the real clearance as “hold short of the runway” issued by the
ground controller. The controller did not notice and correct the error in time, and
therefore the Antonov124 continued moving on taxiway N13 and crossed at the
end of runway 05L. However, at the mean time a Singapore Airlines had cleared
its take-off and started rolling. The tower controller noticing the conflict and
required ground control to immediately have the Antonov124 keep speed to
vacate the runway. Fortunately, when the Singapore Airlines was off the ground
at the two thirds down the runway, the Antonov124 had reached the opposite hold

short line, escaping from a horrifying collision (CAA, 2010).

This event was a readback/hearback error caused by the incorrect readback
of pilots which was not discovered and amended in time by the controller. The
investigation states that it may due to the distraction of the controller. It can occur
during high workload that controllers appear to reduce attention paid to certain
aircraft and variables (Endsley and Rodgers, 1998). Therefore factor-error-

occurrence relation of this case can be inferred as presented in Figure 2.11.
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Figure 2.11 The factor-error-occurrence relation of Antonov124’s Runway incursion

2.5.2 International Case studies

(1) KLM 4805 and PanAm 1736, two Boeing 747 passenger aircrafts, collided in the
runway of Tenerife North Airport on March 271 1977. This catastrophe took away
583 people’s lives and now it is still the deadliest accident in aviation history. The
process of the collision is displayed in Figure 2.12 where the green line represents

Pan Am taxi route, and the orange is for KLM.

Control Tower

KLM Pan Am
4805 1736

Runway

Figure 2.12 Tenerife airport disaster
Source: Air Line Pilots Association (1977)

Because of a bomb explosion at Las Palmas airport, many flights to Las
Palmas were diverted to Tenerife Los Rodeos airport. The air traffic at Los
Rodeos on that day was unusually congested. After obtaining the news of Las

Palmas airport’s reopening, all the aircrafts immediately began to depart for their
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scheduled destination. KLM was first instructed to taxi to the end of the runway
and take off on runway 30, and few minutes later Pam Am was instructed to taxi
along the quite same route as KLM while it was required to exit runway by “the
third taxiway to their left (i.e. C3)” and move on to the take off point via a parallel
taxiway. The visibility turned very low during the two aircrafts taxied because of
dense fog that neither the two aircrafts could see each other nor the controller was
able to see the two aircrafts. The angle of C3 taxiway was too hard for a Boeing
747 to turn, pilots of Pan Am therefore thought “the third” was C4 taxiway since
they got the instruction when they are at C1 and felt C4 was much easier.
However, the main factor of this disaster was not wrongly using the assigned

taxiway, which is stated in next paragraph.

When Pan Am still taxied on the runway, KLM had turned 180 degree, and
was asking the clearance for takeoff at Runway 30. The controller gave the
clearance of routes after takeoff, but the KLM crew misunderstood that was a
permission to go. The first officer therefore readback “...We are now at takeoff.”
and released the brake to speed up rolling right after the readback. The controller
did not notice the error and considered that readback the report of “at the takeoff
position”, and responded “O.K., stand by for takeoff. I will call you.” However,
just the standby clearance was given, the crew of Pam Am at the same time
declared that they were still taxiing on the runway. The two simultaneous
messages intertwined to produce a whistle in KLM’s cockpit, making KLM’s
crew not aware of the desperate situation. Even the flight engineer had reminded
the captain of the possible conflict, the captain still continued the takeoff, giving

no readback with a stable accelerating rolling speed. It was too late when crew
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on both aircrafts discovered the conflict, leading to a runway incursion and a
catastrophic collision in the foggy airport with no eyewitness (ICAO, 1978;

Roitsch et al., 1977).

Investigation showed many contributory factors of this serious accident,
while the main factors are discussed here. First is the workload. Because of the
delay caused by diverting to Tenerife, the captain of KLM was in tension due to
the KLM’s duty-time regulations, being anxious to takeoff. Besides, the
unusually congested traffic volume increased the controller’s workload as well
as the bad weather degraded the visibility, which made it difficult for the
operation of the controller and the crew of both aircrafts. Second, the KLM
captain was eager to take off. This made his expectation has bias with the
controller’s non-takeoff clearance, believing that it was the takeoff clearance
itself. Finally, crew of KLM failed to use standard phrases to indicate their
intention to go, so the controller mistakenly thought that they were just waiting
at the position and did not notice and correct the wrong readback. All the factors
above resulted in the main pilot-controller communication error of this accident

as a readback/hearback error.

In addition, there was another error: no pilot readback. The blocked
transmission resulted from the Pam Am crew’s speaking overlapping of the
controller’s transmission for standby lowering the clarity of signal for KLM crew.
The result was KLM crew could not be aware of their unclear takeoff as well as
the unclear runway. With absence of the readback, they lost the last chance to

give up their deadly action followed by an inevitably fatal runway incursion.
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The factor-error-occurrences relation can be divided into two models in this

accident as shown in Figure 2.13.

Workload

Readback /
headback
error

Runway
Incursion

Pilot
Expectation

Linguistic
factors
Blocked No pilot Runway
Transmission readback Incursion

Figure 2.13 The factor-error-occurrence relation of Tenerife airport disaster

(2) On March 8" 2013, a fatal Beechcraft B1900C operated by Alaska Central
Express had a controlled flight into terrain (CFIT) accident in instrument

meteorological conditions at Aleknagik, Alaska.

From the investigation of National Transportation Safety Board (NTSB), as
the aircraft approached the destination, the controller cleared the airplane to fly
directly to the IAF followed by the ZEDAG transition and the RNAV/GPS
runway 19 approach as the pilots requested. The controller said” maintain at or

above 2,000 feet until established on a published segment of the approach,”
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which should have been stated as “enter the terminal arrival area at or above 5,400
feet.” The ambiguous instruction confused the pilots and they responded
incorrectly as “maintain 2,000 feet until established.” Afterward, the descent
began, and the controller did not catch the erroneous readback at that time. Flying
at 2,200, the crews requested a hold to check the runway situation of destination
on another frequency. The controller just replied” as published”, and in fact that
location’s published minimum altitude for a hold is 4,300 feet msl, greater than
the B1900C’s 2,200 feet. Finally, a collision occurred as the aircraft hit the rising

terrain at 2,000 feet msl (NTSB, 2014).

The factor-error-occurrence relation in this case is presented in Figure 2.14.
This tragedy was resulted from several phases and here is the discussion of
communicative term. It was a readback/hearback error first caused by the
controller’s wrong phraseology of the clearance that he should followed FAA’s
regulation. This belonged to linguistic factors. The ambiguous clearance mislead
the pilots and induced an incorrect read back, while the controller failed to notice
and corrected it. The occurrences due to this error was a deviation from the

assigned altitude and unfortunately it indeed brought out the calamity.

S Readback / Altitude/

Linguistic headback Headi

factors | > cading
error Deviation

Figure 2.14 The factor-error-occurrence relation of a B1900C’s CFIT accident
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2.5.3 Case studies conclusion

Based on the cases discussed above, human error factors present large percentage

of causal elements in pilot-controller communication errors wherever in Taiwan or

other countries. Despite the fact that no accident has occurred mainly associated with

this kind of error, the incidents in Taiwan still gave a lesson to focus on this relevant

issue. This chapter primarily verifies the factor-error-occurrence relations found in

literature review which are summarized in Table 2.3.

Table 2.3 Summary of case studies

FLIGHT

LOCATION

FACTOR-ERROR-OCCURRENCE

S9IpNIS aseD) uemie|

6 Dec 2009

Unknown

Taipei
Approach

Factor

Pilot expectation

Error

No pilot readback

Occurrence

Altitude/Heading Deviation

15 Jul 2010

Antonov
Design
Bureau

Taoyuan Intl
Airport

Factor

Workload

Error

Readback/hearback error

Occurrence

Runway incursion

S9IPN1S aseD [euolyeusiu]

27 Mar 1977

KLM480
5&
Pan
Am1736

Tenerife
Airport

Workload

Pilot expectation

Linguistic factors

Blocked transmission

Error

Readback/hearback error

No pilot readback

Occurrence

Runway incursion

8 Mar 2013

Aleknagik,
Alaska
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Chapter 3 Methodology

According to the literature review, case studies, and the purpose of this study,
there are five sections to be presented. The first section is the overall procedure of the
methodology. The second section introduces the research framework. The third
section is about the development of the research hypotheses and the fourth section
introduced the operational definitions and questionnaire items. The final section

states the data analysis.

3.1 Procedure of methodology

This research analyzed the opinions of pilots and controllers on the
communication error issue with questionnaire survey. First, the preliminary research
framework was constructed based on the common factors, errors, and aviation
occurrences collected in literature review and the questionnaire was also designed
based on literature reviews and was amended by experts. After the delivery and
collection of the questionnaires, exploratory factor analysis and reliability analysis
were used to establish the representative factors, errors, and aviation occurrences
components for the formal research framework. Next, exploring the different
cognition of pilots and controllers and different groups among them with T-test and
one-way ANOVA. Finally, examining the factor-error-occurrence relation
respectively with simple and multiple regression. Figure 3.1 displays the procedure

of the methodology in this research.
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Figure 3.1 The procedure of the methodology

3.2 Research framework

This research first developed a preliminary research framework shown in Figure
3.2. Its construction was based on the purpose of this study and elements introduced
by the literature reviews in Chapter 2. Factors, errors, and related aviation
occurrences of pilot-controller communication were respectively three dimensions in

the framework.
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Communication

Aviation occurrence

Similar call sign

error Altitude/Heading
Workload Readback/hearback deviation
Pilot expectation Error Wrong aircraft
ﬁ q
Frequency change No pilot readback

Runway incursion

Blocked transmission
Hearback error

Operational error

Linguistic factors

Figure 3.2 The preliminary research framework

After the deletion and amendment of the questions to conduct the formal
questionnaire survey and the exploratory factor analysis and reliability analysis for
all the valid responses, Figure 3.3 displays the final research framework for this study,
embodying specific pattern of respondent in Taiwan. With the three dimensions, same
as the preliminary one, it is to test the overall factor-error-occurrence relation, and
further explore the detail that which specific factors have relations with specific errors
as well as relation between specific errors and aviation occurrences. Besides, the
significant difference between pilots and controllers’ cognitions to each dimension is

also examined.

The dimension of factors included components as workload, linguistic factors,
pilot expectation, similar call sign, and frequency change. There are mainly two errors
in the communication error dimension, including two components as readback and
hearback error and no pilot readback. Finally, the aviation occurrences dimension

includes altitude/heading deviation and runway incursion.
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Figure 3.3 The research framework

3.3 Research hypothesis development

According to literature review and the research framework, the hypotheses of

this study were developed and described as following of which some of the

hypotheses are depicted in Figure 3.4.

H, Pilot-controller

H;

Factor _ — Aviation occurrence

communication error

Workload H,,

Linguistic
factors H
Readback and 3a
hearback error
H3
Pilot ¢
anticipation

No pilot readback

Similar call
sign

Frequency
change

\ Runway

Altitude/Heading
deviation

Incursion

Figure 3.4 The hypotheses figure
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3.3.1 The cognitive difference among pilot and controller

The collaborative goal of pilots and controllers is to keep the air traffic safe,
while as described in Section 2.1, the definition and job characteristic shows the
difference between pilots and controllers whatever in training, work place, and tasks
(ICAO, 2011; FAA/AIM, 2017; Barshi & Farris, 2013). This can affect their
perspectives on the same issue. Therefore, this study proposed a hypothesis as below:
H1: Pilots and controllers have significantly different cognitions to the dimensions

of factors, errors, and related aviation occurrences.
3.3.2 The relation between factors and communication error

The hypotheses were based on the research framework of which the relation of
factors and pilot-controller communication errors were mainly according to
literatures (Cardosi et al., 1998; Van Es, 2004; Wever et al., 2006). A readback and
hearback error may be caused by workload, linguistic factors, pilot anticipation,
similar call sign, and frequency change. Next, the probable contributory factors to no
pilot readback is pilot anticipation. From the statement above, this study proposed the
following hypotheses:

H2: Factor has significantly positive relation with communication error.

H2a: Workload has significantly positive relation with readback and hearback error.
H2b: Linguistic factors has significantly positive relation with readback and
hearback error.

H2c: Pilot anticipation has significantly positive relation with readback and hearback
error.

H2d: Similar call sign has significantly positive relation with readback and hearback
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error.
H2e: Frequency change has significantly positive relation with readback and
hearback error.

H2f: Pilot anticipation has significantly positive relation with no pilot readback.

3.3.3 The relation between communication error and aviation occurrence

The final step in the research framework is to examine the relation between pilot-
controller communication errors and aviation occurrences. Same as mainly based on
studies of Cardosi et al. (1998), Van Es (2004), and Wever et al. (2006). A readback
and hearback error may cause aviation occurrences including altitude/heading
deviation, runway incursion. Similarly, aviation occurrences related to no pilot
readback are also composed of altitude/heading deviation and runway incursion. Thus,
this study at the last proposed the following hypotheses:

H3: Communication error has significantly positive relation with aviation occurrence.
H3a: Readback and hearback error has significantly positive relation with runway
incursion.

H3b: No pilot readback has significantly positive relation with runway incursion.
H3c: Readback and hearback error has significantly positive relation with
altitude/heading deviation.

H3d: No pilot readback has significantly positive relation with altitude/heading

deviation.

3.4 Questionnaire design

The questionnaire is separated into two parts. The first is the design procedure,

and the second part shows the questions of the preliminarily designed questionnaire.
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3.4.1 Design procedure

This study first adopted the resources from literatures, articles, survey
questionnaires, international air association reports and regulations to draft the
questions. Afterward, it will be transformed into expert questionnaire and handed in
to the experienced experts of pilot-controller communication, which is for the expert
validity. With the amendment, deletion and advices given by experts and professors,
the formal questionnaire will be established, of which questions will be presented in
both Chinese and English. Finally, the formal questionnaire will be given to line-
operating airline pilots and controllers in Taiwan.

The design procedure is shown in Figure 3.5.

Related references

A 4

Drafted questionnaire

\ 4

Preliminary questionnaire

\ 4

Experts’ suggestions

Content validity >

\ 4

Amendment

\ 4

Formal questionnaire

\ 4
Printed and delivered

Figure 3.5 Questionnaire design procedure
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3.4.2 Expert Validity

After the completion of the drafted questionnaire with 86 questions, of which 43
questions were for pilots and air traffic controllers respectively, the questionnaires
were first checked by the advisor, and then delivered to and received from aviation
experts or seniors all through email for the expert validity. Each question is with three
kinds of suggestions, which are “preserve”, “amend”, and “delete”. The drafted
questionnaire is presented at Appendix. Based on experts’ perspectives, most
questions were preserved and seven questions were amended with words, grammatic,
and narrative correction. The most significant change was that question No.10 and
No.11 for both pilots and controllers of which “Pilot expectation” was changed to
“pilot anticipation”. There was no question cancelled but one was suggested to be

added as question No.25 by an expert, a senior air traffic controller.

Finally, the formal questionnaires were constructed with 44 consistent and
representative questions for pilots and air traffic controllers. Table 3.1 shows the

background information of the experts.

Table 3.1 Experts Background Information

Position Institution / Company

Professor University

Senior Vice General Manager Airline in Taiwan

Supervisor ANWS Taipei Approach

Tower Controller ANWS Taipei Tower
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3.4.3 Formal questionnaire

The questionnaire was designed for both pilots and controllers. As a result, the
meaning and contents of each question in each group’s questionnaire was similar,
with some narrative differences of the subject and object. It was divided into three
parts. The first contained questions for contributory factors of pilot-controller
communication errors. The second part was for the communication errors, and the
questions within aviation occurrence dimensions. The last part was for respondents’

background information.

Likert scale was used to score all questions, while the meanings of scale were
different among three parts. The first part tried to understand the viewpoints on
whether the specific factor would contribute to pilot-controller communication errors.
Therefore, it took the degree for agreement as “Strongly agree” for 5 points; “Agree”
for 4 points; “Neutral” for 3 points; “Disagree” for 2 points, and “Strongly disagree”
for 1 point. The second and third part intended to understand the frequency of the
specific errors and the further aviation occurrences due to the factors. Consequently,
the second and third part took “Always” for 5 points; “Often” for 4 points;
“Sometimes” for 3 points; “Few” for 2 points, and “Never” for 1 point. From Table
3.2 to Table 3.4 are the questions of the formal questionnaire and the sources. The
integral questionnaire is shown in Appendix. “ATC” appearing in all questions
represented for “controller”, and “communication error” specifically represented for

“pilot-controller communication error.”
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Table 3.2 Factor of pilot-controller communication error

Question for pilot

Question for controller

Source

Confusion would occur if there are aircraft with
the same number in the call signs on the same
frequency (e.g. Dynasty123 and EVA123).

Confusion would occur if there are aircraft with
the same numbers in the call signs on the same
frequency (e.g. Dynasty123 and EVA123).

Cardosi et
(1998)

Confusion would occur if there are aircraft’s call
signs with the same numbers but in different
orders on the same frequency (e.g. 432 and 342).

Confusion would occur if there are aircraft’s call
signs with the same numbers but in different
orders on the same frequency (e.g. 432 and 342).

Cardosi et
(1998)

Confusion would occur if there are aircraft’s call
signs with the same airline designators and
similar numbers on the same frequency (e.g.
Dynasty254 and Dynasty255).

Confusion would occur if there are aircraft’s call
signs with the same airline designators and similar
numbers on the same frequency (e.g. Dynast254
and Dynasty255).

Cardosi et
(1998)

| do not correct the ATC actively when he/she
calls me with the wrong call sign.

Pilots do not correct me actively when | call
his/her flight with the wrong call sign.

Cardosi (2010)

ATC does not remind me when there is an aircraft

with similar call sign on the same frequency.

I do not remind pilots when there is an aircraft
with similar call sign on the same frequency.
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Table 3.2 Factor of pilot-controller communication error (continued)

No. Question for pilot Question for controller Source
A Amount and difficulty of tasks increase my | Amount and difficulty of tasks increase my | Watson (1996)
workload. workload.
Adverse conditions (such as severe weather | Adverse conditions (such as severe weather | EUROCONTROL
A-7 | condition, fatigue  and/or  equipment | condition, fatigue and/or equipment malfunction) | SKYbrary (2016)
malfunction) increase my workload. increase my workload.
AS Frequency congestion increases my workload. | Frequency congestion increases my workload. EUROCONTROL
SKYbrary (2013)
Increased workload affects communication. Increased workload affects communication. Molesworth &
A-9 Estival (2015);
Skaltsas et al.
(2013)
A10 If ’'m familiar with the route, I will have | If Pilots are familiar with the route, they have their | EUROCONTROL
anticipation to ATC instructions. own anticipation to my instructions. SKYbrary (2010)
AL | hear what | anticipate to hear, not the ATC’s | Pilots hear what they anticipate to hear, not my | Cardosi et al.

actual clearance.

actual clearance.
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Table 3.2 Factor of pilot-controller communication error (continued)

No. Question for pilot Question for controller Source

A1 | do not request the ATC for clarifications, even | Pilots do not request for clarifications, even a | FAA (2012)
a clearance or an instruction is not clear. clearance or an instruction | gave was not clear.

A3 I’'m complacent when communicating with | Pilots are complacent when communicating with | Cardosi et al. (1998)
ATC. me.

A4 Communication errors occur when | tune in the | Communication errors occur when they tune in | FSF (2006)
wrong frequency. the wrong frequency.

ALS Communication errors occur when ATC | Communication errors occur when | neglect to | FSF (2006)
neglects to hand me off to the next controller. | hand the flight off to the next controller.

A6 Communication errors occur when | miss a call | Communication errors occur when Pilots miss a | FSF (2006)
from ATC. call from me.

AT Simultaneous transmission would cause | Simultaneous  transmission  would cause | EUROCONTROL
communication errors. communication errors. (2006)
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Table 3.2 Factor of pilot-controller communication error (continued)

Question for pilot

Question for controller

Source

Simultaneous transmission easily occurs due to
congested frequency.

Simultaneous transmission easily occurs due to
congested frequency.

EUROCONTROL
(2006)

Radio interference would cause communication
errors.

Radio interference would cause communication
errors.

EUROCONTROL
(2006)

Different
communication errors.

accents would result in

Different accents would result in communication
errors.

Barshi & Farris
(2013)

Using non-standard phraseology would result in
communication errors.

Using non-standard phraseology would result in
communication errors.

IATA (2011)

ATC issuing instructions without pause would

result in communication errors.

When | issue instructions without pause, it would
result in communication errors.
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Table 3.2 Factor of pilot-controller communication error (continued)

Question for pilot

Question for controller

Source

ATC issuing instructions with high speech rate
would result in communication errors.

When | issue instructions with high speech rate,

it would result in communication errors.

Rantanen &
Kokayeff (2002)

ATC issuing more than four instructions at one
time would result in communication errors.

When | issue more than four instructions at one
time, it would result in communication errors.

Molesworth &
Estival (2015)

ATC frequently modifying the instructions

during a short time would result in

communication errors.

My frequent modification of the instructions

during a short time would result in

communication errors.
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Table 3.3 Pilot-controller error

No. Question for pilot Question for controller Source

B.1 I read back ATC’s clearances or instructions | Pilots read back my clearances or instructions | Cardosi et al. (1998)
incorrectly. incorrectly.

B2 ATC neither notice nor correct my readback | I didn’t notice nor correct Pilots’ readback errors. | Cardosi etal. (1998)
error.

B.3 My wrong readbacks are difficult to be | It’s difficult for me to correct Pilots’ wrong | EUROCONTROL
corrected by ATC when frequency is congested. | readbacks when frequency is congested. SKYbrary (2013)

B.4 I do not read back ATC’s clearances or | Pilots do not read back my clearances or | Wever et al. (2006)
instructions. instructions.
I do not read back ATC’s safety-related | Pilots do not read back my safety-related | ICAO (2007a)

B-5 | clearances (take off or landings) or instructions | clearances (take off or landings) or instructions .

i . . i Airbus (2004

(Altitude, speed or heading). (Altitude, speed or heading). ( )

B.6 I do not read back ATC’s clearances or | Pilots do not read back ATC’s clearances or | Cardosietal. (1998)

instructions because of my complacency.

instructions because of their complacency.
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Table 3.3 Pilot-controller error (continued)

Question for pilot

Question for controller

Source

I cannot read back ATC’s clearances or

instructions  because of the frequency

congestion.

Pilots cannot read back my clearances or

instructions  because of the frequency

congestion.

Cardosi etal. (1998)

| read back correctly but ATC fails to notice that
the clearances or instructions are not those
he/she intended to issue.

Pilots read back correctly, but | fail to notice that
the clearance or instruction are not what |
intended to issue.

Cardosi etal. (1998)

Van Es (2004)

ATC fails to notice that I make a request that
might contain potential occurrence.

| fail to notice that pilot makes a request that

might contain potential occurrence.
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Table 3.4 Aviation occurrence

No. Question for pilot Question for controller Source

c1 | deviated from ATC assigned altitude due to | Pilots deviated from the altitude assigned by me | FAA (2013)
communication errors. due to communication errors.

coo | deviated from ATC assigned heading due to | Pilots deviated from the heading assigned by me | FAA (2013)
communication errors. due to communication errors.
| deviated from ATC assigned altitude or | Pilots deviated from the altitude or heading | Cardosi et al. (1998)

C-3 | heading and lost standard separation with | assigned by me and lost standard separation with
other aircraft due to communication errors. other aircrafts due to communication errors.
I took the ATC’s clearance or instruction that | Pilots took the clearance or instruction that was | FSF (2000a)

C-4 | was for another aircraft due to communication | for another aircraft due to communication errors.
errors.

c.5 ATC issued a clearance or an instruction to the | | issued a clearance or an instruction to the | Cardosi et al. (1998)
wrong aircraft due to communication errors. | wrong aircraft due to communication errors.

co6 An aircraft made a runway incursion during its | An aircraft made a runway incursion during its | ICAO (2007b)
takeoff due to communication errors. takeoff due to communication errors. FAA (2016b)
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Table 3.4 Aviation occurrence (continued)

No. Question for pilot Question for controller Source

An aircraft made a runway incursion during its | An aircraft made a runway incursion during its | ICAO (2007b)
C-7 landing due to communication errors. landing due to communication errors.

FAA (2016b)

An aircraft crossed a runway hold marking and | An aircraft crossed a runway hold marking and | FAA (2016b)
C-8 |made a runway incursion due to | made a runway incursion due to communication

communication errors. errors.

ATC failed to provide required minimum | I failed to provide required minimum separation | FAA (2010)
c.9 separation between aircraft (in flight or during | between  aircraft (in  flight or during

takeoff/landing with other aircraft on adjacent | takeoff/landing with other aircraft on adjacent

runways). runways).

ATC failed to provide required minimum | I failed to provide required minimum separation | FAA (2010)
C-10 | separation between aircraft and ground | between aircraft and ground obstacle/terrain due

obstacle/terrain due to communication errors.

to communication errors.
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3.5 Data analysis

Following are the steps for analyzing the data of questionnaires collected from

pilots and air traffic controllers.
3.5.1 Analysis technique

Based on the purpose of this study and to examine the hypotheses, this research

uses SPSS and adopted methods as below:
(1) Descriptive statistical analysis

Using descriptive statistical analysis to analyze pilots and controllers’
background and responses to the elements in each dimension. With this method, the
characteristics of factor means, standard deviation, and percentage of pilots and

controllers can be clearly observed.
(2) Factor analysis

Factor analysis is an independence technique, whose primary purpose is to define
the underlying structure among the variables in the analysis (Hair et al.,2010). Factor
analysis operates on the notion that measurable and observable variables can be
reduced to fewer latent variables that share a common variance and are unobservable,
which is known as reducing dimensionality (Bartholomew et al., 2011). This study
used exploratory factor analysis (EFA) to find the representative components in three
dimensions. EFA is used when a researcher wants to discover the number of factors
influencing variables and to analyze which variables ‘go together’ (DeCoster, 1998).
Its goal is to find the smallest number of common factors that will account for the

correlations (McDonald, 1985). The rules for retaining the number of factors are
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listed as following:

(i) Kaiser’s criterion

It suggests retaining all factors that are above the eigenvalue of 1 (Kaiser, 1960)
(ii) Scree test

It is the number of factors to be retained is the data points that are above the point
of inflexion (Yong & Pearce, 2013).
(iii) The cumulative percentage of variance

It is extracted after each factor is removed from the matrix, and this cycle
continues until approximately 75-85% of the variance is accounted for (Gorsuch,
1983).
(iv) Eigenvalues

As the latent root, it represents the amount of variance accounted for by a factor

(Hair et al., 2010)

(3) Reliability analysis

Reliability is concerned with the ability of an instrument to measure consistently
(Tavakol et al., 2008). The concept of reliability assumes that unidimensionality
exists in a sample of test items (Miller, et al., 1995). This study adopted Cronbach’s
alpha to test the consistency within questions in each dimension. The acceptable
values of alpha are ranging from 0.70 to 0.95 (Tavakol & Dennick, 2011). However,

a 0.60 level can be used in exploratory research (Hair, 2010).
(4) T-Test for difference between means
T-test is a test of statistical significance, often of the difference between two

group means, which can test both independent and paired samples. Samples in this
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study, as pilots and controllers, are independent groups (Mogt & Johnson, 2011).
Therefore, this study used independent samples t-test to see if there are differences
between pilots and controllers’ cognitions on three dimensions as factor, error, and

occurrence.

(5) One-way Analysis of variance (One-way ANOVA)

This is used when having one nominal variable and one measurement variable;
the nominal variable divides the measurements into two or more groups. It tests
whether the means of the measurement variable are the same for the different groups.
(McDonald, 2009). This study uses ANOVA to see whether there are differences in
factors of each dimension due to the different characteristics among pilots group and

controllers group.

(6) Regression analysis

Regression analysis is for predicting a single dependent variable from the
knowledge of one or more independent variables. Simple regression is used when the
problem involves a single independent variable, while when there are two or more
independent variables, multiple regression would be adopted (Hair et al., 2010). Next,
factor score is the composite measure created for each observation on each factor
extracted in the factor analysis. The factor weights are used in conjunction with the
original variable values (Hair et al., 2010). This study used exploratory factor analysis
to extract factors representing each dimension and computed every factor score, then
used the factor scores for two-staged multiple regression analysis to examine factor-

error-occurrence relation of pilot-controller communication.

Generally, there are some values to indicate independent variables’ influence on
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dependent variables which are listed below.

(i) R?

It must be bounded by 0 and 1.0 The higher , the greater exploratory power of
the regression equation; thus, the better prediction of the dependent variable (Hair et
al., 2010). An unattractive property of the R? coefficient comes from the fact that
cannot decrease when explanatory variables are added to the model, even if these
have no relevance. Consequently, choosing to maximize can be misleading,
penalizing models that contain too many variables. Therefore, when the dependent
variable (y) is the same, adjusting degrees of freedom and maximize the adjusted R?

IS equivalent to minimizing the standard error of the regression (Dufour, 2011).

(if) Significance level (p-value)

The probability the researcher is willing to accept that the estimated coefficient
is classified as different from zero when it actually is not (Hair, 2010). A p-value helps
to determine the significance of the statistical results (Rumsey, 2016). The levels of

significance range from 0.01 to 0.10 (Hair, 2010).

(iii) Durbin Watson (DW) Test

It is a diagnostic test for autocorrelation (also called serial correlation) in
residuals from regression analysis. The larger the autocorrelation, the less reliable the
results of the regression analysis. Values between 1.5 to 2.5 are usually acceptable.

Values outside of this range could be cause for concern (Mogt & Johnson, 2011).

(iv) Variance Inflation Factor (VIF)
It is the indicator of the effect that the other independent variables have on the

standard error of a regression coefficient. Large VIF values also implies a high degree
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of collinearity of multicollinearity among the independent variables (Hair et al., 2010).

VIF greater than 10 is thought to signal harmful collinearity (Marquardt, 1970).
3.5.2 Hypothetical regression formula

Below is a basic multiple regression formulation, where Y and each X are metric.

Y = apt+a Xy + a, Xy - +a, X+ (i=1..n)

With the basic formulation, four regression formulas were used to examine H2a

to H2f and H3a to H3d in this study listed as following.
(1) For H2a to H2f (Factor-error relationship)

(l) Yli = Qy + alei + a2X2i + a3X3i + a4_X4l‘ + a5X5i + &1 (l =1 n)
i.e. Y;; as Readback and hearback error; X;; as Workload; X,; as Linguistic
factors; X5; as Pilot anticipation; X,; as Similar call sign; X.; as Frequency

change.

i.e. Y,; as No pilot readback; X5; as Pilot anticipation.
(2) For H3a to H3d (Error-occurrence relationship)

(l”) Y3i = CO + C1X6i + C2X7i + Sgl‘ (l == 1 n)
l.e. Y;; as Runway incursion; X,; as Readback and hearback error (previously as

Yii:); X7; as No pilot readback (previously as Y5;).

i.e. Y, as Altitude/Heading deviation; X,; as Readback and hearback error;

X-; as No pilot readback.
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Chapter 4 Analysis and Results

According to the purpose, literature reviews and the methodology of previous
chapters, this chapter analyzes the data collected from the responses of pilots and air
traffic controllers and presents the results. There were six sections in this chapter.
First is the descriptive statistical analysis, observing the pattern of responses. Second,
by means of exploratory factor analysis and reliability analysis, extracting the
components for each dimension. Third, using T-Test for difference between means to
see if there are significant differences between pilots and controllers’ cognition.
Fourth, with T-Test for difference between means and one-way ANOVA to examine
the significant differences among different groups of pilots or controllers. Fifth, to
discuss and explain the significant relation between specific factors, communication
errors, and aviation occurrences by regression analysis. Last, the final part was the

summary of the results found in this chapter.

4.1 Descriptive statistical analysis

This section was divided to five parts. First is the analysis of questionnaires
collection. Next was to present the sample characteristics, which are the descriptive
statistical data of pilots and controllers’ demographic profile. The third part to fifth

part are the analysis of pilots and controllers’ agreement level on each question.
4.1.1 Questionnaires collection

The survey was from May, 2017 to August, 2017. The questionnaires for pilots
were first sent to the Flight Operation Division of an airline and the vice general

manager of this department helped distribute the questionnaire to pilots classified
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with different types of aircraft. The collection of questionnaires is likewise through
the Flight Operation Division. At all 300 questionnaires were delivered to pilots and
245 were collected, of which 173 were valid and 72 were invalid. The overall
response rate was 81.7% and the effective response rate was 57.7%. The controller
questionnaires were distributed to the approach and tower control in Kaohsiung and
Taipei and the managers or supervisors aided to deliver and collect the questionnaire.
Finally, 152 questionnaires were delivered and 132 were collected, of which 112 were
valid and 20 were invalid. The overall response rate was 86.8% and the effective
response rate was 73.7%. Questionnaires determined as invalid were either with
incomplete responses or all same answers within one dimension. Table 4.1 displays

the questionnaire collection profile.

Table 4.1 Questionnaire collection profile

Research | Numbers | Numbers nvalid Overall | Effective
Objects Collected I [ lnEs

Issued
Rate Rate

Pilots 300 245 81.7% S1. 7%

Air traffic 152 132 86.8% 73.7%
Controllers

Entire 452 377 83.4% 63.1%

4.1.2 Demographic Profile

The demographic profile of pilots encompassed six items. First is gender, with
the traditional job characteristics, consisted with male (96%) much more than female
(4%). Aged from 21 to more than 61, 31-35 (20.8%) accounting for the largest percent,
followed by 41-45 (19.1%) and 36-40 (17.3%), the majority was from 31 to 55,

accounting for 85.5%. As for nationality, because the questionnaire survey was

66



conducted in a Taiwanese airline, Taiwanese pilots (94.8%) are much more than pilots
from other country. Professional status includes five categories which were from first
officer to management, and among all respondents, captain (34.7%) and first officers
(27.7%) accounts for the majority. With regard to flight training background,
company training (52%) had the largest numbers, followed by Commercial Pilot
License (CPL)/Airline Transport Pilot License (ATPL) (27.2%). Lastly, though 5-10
years (26.6%) accounted for the highest percentage of years experiences, all
categories in this demographic profile almost had equal percentages. Figure 4.2

presents the demographic profile of pilots.

There were five items in the demographic profile of controllers. First, on the
contrary to pilot respondents, female controllers (52.7%) had more percentages than
male (47.3%), but the gap was pretty smaller than pilots. The age was from 21 to
more than 60, of which 41-45 (25%) had the largest percentage, followed by 31-35
(21.4%), and most respondents were aged from 26-50, accounting for total 84.8%.
As for professional status, almost 70% of the respondents were tower (30.4%) or
radar controllers (39.4%), which are the initial levels of air traffic controller career.
This therefore explained why the “less than 10 years” (38.4%) group accounted for
the largest percentages in years experiences. Finally, the numbers of respondents in
Taipei (Northern Taiwan, 58%) and Kaohsiung (Southern, 42%) had no significant

difference. Table 4.3 shows the demographic profile of air traffic controllers.
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Table 4.2 Demographic profile of pilots

Demographic Profile

Response Category

Frequency

Percentage of total
(%)

Gender

Male

166

Female

7

21-25

0

26-30

12

31-35

36

36-40

30

41-45

33

46-50

23

51-55

26

56-60

10

>61

3

Nationality

Taiwan, R.O.C.

Others

Professional Status

Management

Check Pilot (CP)/
Instructor Pilot (IP)

Captain

Relief Pilot

First officer

Flight Training
Background

Military

Commercial Pilot
License (CPL)/
Airline Transport
Pilot License (ATPL)

Company Training

Others

Years Experiences

<5 years

5-10 years

11-15 years

16-20 years

>20 years
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Table 4.3 Demographic profile of air traffic controllers

Percentage of total
(%)

Male 53 47.3

Female 59 52.7

21-25 5 4.5

26-30 14 12.5

31-35 24 21.4

36-40 12 10.7

41-45 28 25

46-50 17 15.2

51-55 9 8

56-60 3 2.7

>61 0 0

Tower 34

Radar 44

Supervisor 25

Demographic Profile | Response Category | Frequency

Gender

Professional Status

Manager 9

<10 years 43
10-15 years 17
16-20 years 20
>20 years 32
Northern 65
Southern 47

Years Experiences
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4.1.3 Agreement level on contributing factors of communication errors

Here are the means, standard deviation of the questions about pilots and
controllers’ agreement levels on the factors which may cause communication errors
between both sides. The ranks based on the mean of each question was discussed, as

shown in Table 4.4. Table 4.5 showed the questions with top and bottom three means.
(1) Pilots’ agreement level on factors

The top three mean scores were A-7 as “Adverse conditions (such as severe
weather condition, fatigue and/or equipment malfunction) increase my workload”, A-
1 as “Confusion would occur if there are aircraft with the same number in the call
signs on the same frequency (e.g. Dynastyl23 and EVA123)”, and A-18 as
“Simultaneous transmission easily occurs due to congested frequency”. The results
denoted that pilots were very agree with these three conditions existing during their

work time, including workload, similar call sign problem and same-time transmission.

The last three mean scores are A-12 as “l do not request the ATC for
clarifications, even a clearance or an instruction is not clear”, A-4 as “l do not correct
the ATC actively when he/she calls me with the wrong call sign”, and A-11 as “I hear
what | anticipate to hear, not the ATC’s actual clearance”. These questions were
related to pilots’ mistake and the results showed that pilots did not tend to think these

would occur when in flight.
(2) Air traffic controllers’ agreement level on factors

According to controllers’ responses, the top three mean scores are A-7 as

“Adverse conditions (such as severe weather condition, fatigue and/or equipment
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malfunction) increase my workload”, A-8 as “Frequency congestion increases my
workload”, and A-18 as “Simultaneous transmission easily occurs due to congested
frequency”. It could be inferred with the results that controllers were really aware of
workload and the same -time transmission during their duty, and these had great

relation with frequency congestion.

The last three mean scores were A-5 as “l do not remind pilots when there is an
aircraft with similar call sign on the same frequency”, A-12 as “Pilots do not request
for clarifications, even a clearance or an instruction | gave was not clear”, and A-11
as “Pilots hear what they anticipate to hear, not my actual clearance”. Most of
controllers thought they would remind pilots of similar call sign, and thus incline to
disagree with A-5. Additionally, neither did controllers think pilots had their

anticipation and lack for obtaining clarifications.

(3) Total agreement level on factors

At the total aspect, the top three mean scores were A-7 as “Adverse conditions
(such as severe weather condition, fatigue and/or equipment malfunction) increase
my workload”, A-18 as “Simultaneous transmission easily occurs due to congested
frequency”, and A-8 as “Frequency congestion increases my workload”. This
indicated that among all the questions, those involved in workload and transmitting
interference related to frequency congestion were the most common situation both

pilots and air traffic controllers were aware of.

The last three mean scores for the entire were A-12 as “Pilots do not request for
clarifications, even a clearance or an instruction ATC gave was not clear”, A-11 as

“Pilots hear what they anticipate to hear, not ATC actual clearance”, and A-4 as
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“Pilots do not correct ATC actively when ATC call his/her flight with the wrong call
sign”. The results showed that both pilots and air traffic controllers did not really
perceive the situation that pilots negatively not to follow or correct instructions or

clearance issued by ATC.

Table 4.4 Agreement level on the factors of communication errors

Pilots Air Traffic Controllers Total
Std. Deviation Mean | Std. Deviation | Rank Std. Deviation
A-1 0.63 441 0.70 5 0.66
A-2 0.86 3.86 0.93 16 0.89
A-3 0.75 421 0.82 9 0.78
A-4 0.87 2.98 0.99 22 1.05
A-5 0.99 2.14 0.93 25 1.02
A-6 0.79 4.37 0.77 0.80
A-7 0.55 4.82 0.38 0.51
A-8 0.62 4.57 0.65 2 0.65
A-9 0.61 6 4.53 0.61 0.63
A-10 0.71 4.12 0.72 0.71
A-11 0.94 2.77 0.90 0.98
A-12 0.80 2.30 0.76 0.86
A-13 0.88 3.79 0.62 0.79
A-14 0.98 3.57 0.97 0.98
A-15 0.85 3.71 0.85 0.85
A-16 0.66 4.11 0.70 0.67
A-17 0.69 4.27 0.77 8 0.72
A-18 0.55 4.54 0.61 3 0.58
A-19 0.53 4.28 0.65 7 0.58
A-20 0.59 4.01 0.65 0.63
A-21 0.66 3.68 0.85 0.78
A-22 0.76 3.66 0.75 0.76
A-23 0.63 4.10 0.60 0.61
A-24 0.68 3.87 0.85 0.77
A-25 0.71 3.92 0.86 0.78

Question

*Note: The gray grids indicated the top three mean scores. The number and corresponding questions was in Table 3.2.
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Table 4.5 Top and bottom three agreement levels of factors of communication errors

Question for pilot

Adverse conditions (such as severe weather condition, fatigue
and/or equipment malfunction) increase my workload.

Confusion would occur if there are aircraft with the same
number in the call signs on the same frequency (e.g.
Dynasty123 and EVA123).

Simultaneous transmission easily occurs due to congested
frequency.

I hear what I anticipate to hear, not the ATC’s actual clearance.
| do not correct the ATC actively when he/she calls me with the
wrong call sign.

Bottom
three

| do not request the ATC for clarifications, even a clearance or
an instruction is not clear.

Question for controller

Adverse conditions (such as severe weather condition, fatigue
and/or equipment malfunction) increase my workload.

Frequency congestion increases my workload.

Simultaneous transmission easily occurs due to congested
frequency.

Pilots hear what they anticipate to hear, not my actual
clearance.

Bottom Pilots do not request for clarifications, even a clearance or an
three instruction | gave was not clear.

| do not remind pilots when there is an aircraft with similar call
sign on the same frequency.

4.1.4 Frequencies of communication errors

Following are the means, standard deviation of pilots and controllers’ perception
of the frequencies of their communication errors, along with the rank of means, as
shown in Table 4.6. The questions for pilots and controllers with top and bottom three

means were displayed in Table 4.7.
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(1) Pilots’ perception of communication errors’ frequencies

The top three mean scores were B-3 as “My wrong readbacks are difficult to be
corrected by ATC when frequency is congested”, B-2 as “ATC neither notice nor
correct my readback error”, and B-7 as “l cannot read back ATC’s clearances or
instructions because of the frequency congestion”. The results pointed out that pilots
thought their readback errors, no readback, and ATC’s hearback errors, especially

because of congested frequency, occurred more often than other circumstances.

Three mean scores at the last were B-6 as “I do not read back ATC’s clearances
or instructions because of my complacency”, B-5 as “I do not read back ATC’s safety-
related clearances (take off or landings) or instructions (Altitude, speed or heading)”,
and B-4 as “I do not read back ATC’s clearances or instructions”. This showed that
pilots were inclined to disagree with their negligence of responding ATC’s

instructions or clearances.

(2) Air traffic controllers’ perception of communication errors’ frequencies

For air traffic controllers, the top three mean scores were B-1 as “Pilots read back
my clearances or instructions incorrectly”, B-3 as “It’s difficult for me to correct
Pilots’ wrong readbacks when frequency is congested”, and B-4 as “Pilots do not read
back my clearances or instructions”. Air traffic controllers also considered pilots’
readback and their hearback errors with frequency congestion the more frequent
phenomenon. However, opposed to pilots’ perception, they thought pilots would
neglect to respond their instructions or clearance. This could also be proved that air

traffic controllers’ mean scores on both B-5 and B-6 were higher than those of pilots.

The lowest three mean scores were B-9 as I fail to notice that Pilot makes a
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request that might contain potential occurrence”, B-6 as “Pilots do not read back
ATC’s clearances or instructions because of their complacency”, and B-8 as “Pilots
read back correctly, but I fail to notice that the clearance or instruction are not what |
intended to issue”. B-9 and B-8 mainly described controllers’ oversight, and
controllers tended to disagree with these mistakes happening. On the other hand, they

did not feel pilots’ complacent attitude during their communication.

(3) Total perception of communication errors’ frequency

Entirely, the three scores at the top were B-3 as “Pilots’ wrong readbacks are
difficult to be corrected by ATC when frequency is congested”, B-1 as “Pilots read
back ATC’s clearances or instructions incorrectly”, and B-2 as “ATC neither notice
nor correct pilots readback error”. This revealed that both pilots and controllers
considered readback/hearback errors, based on the literature review, to be more
frequent situations than others. The last three were the same with those of pilots,

which may because of the more collected samples of pilots than air traffic controllers.

Table 4.6 Perception of frequencies of communication errors

Pilots Air Traffic Controllers Total
Std. Deviation Mean | Std. Deviation | Rank Std. Deviation
B-1 0.61 2.90 0.72 1 0.70
B-2 0.71 2.17 0.54 0.68
B-3 0.80 2.50 0.88 0.86
B-4 0.67 2.45 0.72 0.82
B-5 0.61 2.15 0.77 0.79
B-6 0.66 2.02 0.89 0.83
B-7 0.77 2.41 0.88 0.81
B-8 0.64 2.03 0.68 0.67
B-9 0.82 1.85 0.60 0.76

Question

OO W|[ O [0 | N, DN
O | N| PO W|IN| O
O l0|h~lO|© (NP | W

*Note: The gray grids indicated the top three mean scores. The number and corresponding questions was in Table 3.3.
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Table 4.7 Top and bottom three perception of frequencies of communication errors

Question for pilot

My wrong readbacks are difficult to be corrected by ATC
when frequency is congested.
ATC neither notice nor correct my readback error.

I cannot read back ATC’s clearances or instructions because
of the frequency congestion.

I do not read back ATC’s clearances or instructions.

I do not read back ATC’s safety-related clearances (takeoff or
landings) or instructions (Altitude, speed or heading).

Bottom
three

I do not read back ATC’s clearances or instructions because
of my complacency.

Question for controller

Pilots read back my clearances or instructions incorrectly.

It’s difficult for me to correct Pilots’ wrong readbacks when
frequency is congested.
Pilots do not read back my clearances or instructions.

Pilots read back correctly, but | fail to notice that the
clearance or instruction are not what | intended to issue.

Bottom Pilots do not read back ATC’s clearances or instructions
three because of their complacency.

| fail to notice that Pilot makes a request that might contain
potential risk.

4.1.5 Frequencies of aviation occurrences due to communication errors

Following are the means, standard deviation and the ranks of pilots and
controllers’ perception of frequencies of aviation occurrences, which were possibly

the negative results of communication errors.

As Figure 4.8 presents, for both pilots and controllers, or entire, C-4 as “Pilots

took the ATC’s clearance or instruction that was for another aircraft due to
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communication errors”, and C-5 as “ATC issued a clearance or an instruction to the
wrong aircraft due to communication errors” had relatively higher mean scores than
other occurrences. This can be inferred that these two situations seemed to happen
more easily. Other occurrences’ mean scores were all between 1 and 2, indicating that
pilots and air traffic controllers encountered these occurrences not that frequently.

Table 4.9 presented the questions for pilots and controllers with top two frequencies.

Table 4.8 Perception of frequencies of aviation occurrences

Pilots Air Traffic Controllers Total

I Question

Std. Deviation Mean | Std. Deviation | Rank Std. Deviation

0.70 1.76 0.63 4 0.69

0.65 1.78 0.67 0.67

0.63 1.34 0.53 0.59

0.61 2.35 0.69 0.68

0.62 1.92 0.63 0.63

0.66 1.29 0.55 0.62

0.70 1.21 0.45 0.62

0.69 1.27 0.48 0.62

O NJO (OO |, |OT|W
G100 | O (N NP | O |Ww

0.74 1.22 0.42 0.66

*Note: The gray grids indicated the higher mean scores. The number and corresponding questions was in Table 3.4.

Table 4.9 Top two perception of frequencies of aviation occurrences

Question for pilot

ATC issued a clearance or an instruction to the wrong aircraft
due to communication errors.

I took the ATC’s clearance or instruction that was for another
aircraft due to communication errors.

Question for controller

I took the ATC’s clearance or instruction that was for another
aircraft due to communication errors.

ATC issued a clearance or an instruction to the wrong aircraft

due to communication errors.
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4.2 Factor and reliability analysis

This section extracted the components among all the questions for the three
dimensions as factors, errors and aviation occurrences with factor analysis and

reliability analysis.
4.2.1 Factor and reliability analysis for communication errors’ factors
(1) Factor analysis

This study adopted Exploratory factor analysis (EFA) to categorized and
decreased the questions for communication errors’ factors. Prior to the EFA, Kaiser—
Meyer—Olkin (KMO) measure of sampling adequacy and Bartlett's test of sphericity
were used to determine the appropriateness of the EFA. A value of 0.60 or above from
the KMO test suggested the adequacy for EFA (Tabachnick & Fidell, 1989). Besides,

Bartlett's test of sphericity was required to be significant.

The value from KMO test was 0.796 and the Bartlett's test of sphericity, of which
Chi-square value was 1543.163 and it reached the level of significance (< 0.05),
indicating that questions for communication errors’ factors were suitable for EFA.
There were 25 questions in the factors dimension, and with factor analysis, deleting
questions of which factor loads were below 0.5, including A-10, A-17, and A-19.
Further, with Kaiser’s criterion, keeping all questions of which components’
eigenvalues were >1. Finally, it extracted five components and the total variance

explained was 59.337%.

The five components were given name based on the final EFA results and are

shown in Table 4.10., and the name were listed orderly as following.
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(i) Component 1: Workload

This component comprised five questions, including A-8 as “Frequency
congestion increases my workload”, A-7 as “Adverse conditions (such as severe
weather condition, fatigue and/or equipment malfunction) increase my workload”, A-
9 as “Increased workload affects communication”, A-6 as “Amount and difficulty of
tasks increase my workload”, and A-18 as “Simultaneous transmission easily occurs
due to congested frequency”. Among these questions, A-8, A-7, A-9, and A-6 were
obviously related to workload. As for A-18, SKYbrary (2013) pointed out that
frequency congestion may lead to simultaneous transmission from another aircraft
which is trying to communicate is lost or misheard, generating the confusion between
pilots and controllers, which would increase the workload for both sides to resolve
the confusion. The circumstance described in A-18 was an important factor for pilot
and controller workload. Therefore, with all these five questions, this component was

named “Workload™.

A-18, A-17 as “Simultaneous transmission would cause communication errors”,
and A-19 as “Radio interference would cause communication errors” all described
the situations as blocked transmission. However, the latter two questions were deleted
because of the factor analysis. This again indicated that in Taiwan, blocked

transmission could be included as the causal elements of workload.

(i) Component 2: Linguistic factors

There were six questions, which were A-23 as “ATC issuing instructions with
high speech rate would result in communication errors”, A-22 as “ATC issuing

instructions without pause would result in communication errors”, A-25 as «“ ATC
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frequently modifying the instructions during a short time would result in
communication errors”, A-24 as “ATC issuing more than four instructions at one time
would result in communication errors”, A-21 as “Using non-standard phraseology
would result in communication errors”, and A-20 as ” Different accents would result
in communication errors”. All these questions regarded the form of speaking, thus

this component was named “Linguistic factors”.

(iii) Component 3: Pilot anticipation

In this component, the questions were A-12 as “Pilots do not request the ATC for
clarifications, even a clearance or an instruction is not clear”, A-11 as “Pilots hear
what they anticipate to hear, not the ATC’s actual clearance”, and A-4 as “Pilots do
not correct the ATC actively when he/she calls the wrong call sign”. These questions
described that pilots had their own anticipation and did not follow ATC’s instruction
or challenge ATC’s mistakes. In most literature, these situations were synthesized as
“Pilot expectation”. However, since the expert validity, the “expectation” had been
replaced by “anticipation”, which was more closed to pilots’ real mental state. Finally,

this component was called “Pilot anticipation”.

(iv) Component 4: Similar call sign

There were three questions in this component, including A-3 as “Confusion
would occur if there are aircraft’s call signs with the same airline designators and
similar numbers on the same frequency”, A-2 as “Confusion would occur if there are
aircraft’s call signs with the same numbers but in different orders on the same
frequency”, and A-3 as “Confusion would occur if there are aircraft’s call signs with

the same airline designators and similar numbers on the same frequency”. These
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questions apparently indicated problems involved in the call sign similarity. Hence,

the name of this component was “Similar call sign”.

(v) Component 5: Frequency change

Two questions consisted of this component, which were A-14 as
“Communication errors occur when pilots tune in the wrong frequency”, and A-15 as
“Communication errors occur when ATC neglects to hand the pilot off to the next
controller”. Two situations occurred when pilots in flight changing the radio

frequency, and this component therefore was named “Frequency change”.

(2) Reliability analysis

With reliability analysis, eliminating A-16, A-13 and A-5 in order to obtain
higher components’ reliability. The final reliability analysis results for factors were
presented in Table 4.11. Cronbach’s alpha values of all components were between

0.70 and 0.95, reaching the acceptable value.
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Question

Table 4.10 Factor loads of factors of communication errors

Component 1

Component 2

Component 3

Component 4

Component 5

A-8

0.823

0.155

0.088

0.158

0.000

A-7

0.767

0.050

-0.068

0.059

-0.046

A-9

0.728

0.141

0.077

0.239

0.075

A-6

0.726

0.034

0.050

0.061

0.080

A-18

0.595

0.071

0.012

0.091

0.323

A-23

0.099

0.742

0.101

-0.039

-0.031

A-22

0.028

0.678

0.056

0.162

0.074

A-25

0.100

0.672

-0.005

0.134

0.088

A-24

0.189

0.601

0.043

0.080

0.107

A-21

-0.123

0.580

-0.161

0.077

0.302

A-20

0.088

0.556

-0.171

0.086

0.056

A-12

-0.143

-0.016

0.832

0.011

0.007

A-11

0.110

0.101

0.788

0.045

0.035

A-4

0.154

-0.158

0.765

-0.025

-0.124

A-3

0.146

0.024

0.075

0.803

0.074

A-2

0.109

0.209

0.043

0.797

0.121

A-1

0.234

0.195

-0.102

0.694

0.044

A-14

0.079

0.195

-0.007

0.101

0.842

A-15

0.168

0.144

-0.053

0.101

0.835

Eigenvalue

2.935

2.697

2.011

1.948

1.683

% of Variance

15.448

14.193

10.583

10.254

8.859

Cumulative %

15.448

29.640
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Table 4.11 Reliability analysis of communication errors’ factors

Corrected Item-Total | Cronbach's Alpha if | Cronbach’s
Correlation Item Deleted Alpha
A-8 0.724 0.722
A-7 0.575 0.775
Workload A-9 0.632 0.753
A-6 0.580 0.779
A-18 0.482 0.796
A-23 0.515 0.689
A-22 0.490 0.692
Linguistic A-25 0.524 0.681
Factors A-24 0.463 0.700
A-21 0.437 0.709
A-20 0.409 0.714
A-12 0.580 0.601
A-11 0.529 0.650
A-4 0.531 0.654
A-3 0.546 0.625
A-2 0.598 0.565
A-1 0.503 0.684
Frequency 0.594 -
Change 0.594 -

Component | Question

Pilot
Anticipation

Similar Call
Sign

4.2.2 Factor and reliability analysis for communication errors
(1) Factor analysis

For communication error dimension, Table 4.12 shows the EFA results. The
value for KMO test was 0.722 and as for the Bartlett’s test of sphericity, the chi-
square was 728.291 and it reached the level of significance (< 0.05). With EFA, B-7
were deleted because of the factor loads not reaching 0.50. At the end, it extracted
two components for this dimension and total variance explained was 67.706%. The

components were named as below.

83



(i) Component 1: Readback and hearback error

This component included B-3 as “Pilots’ wrong readbacks are difficult to be
corrected by ATC when frequency is congested”, B-8 as “Pilots read back correctly
but ATC fails to notice that the clearances or instructions are not those he/she intended
to issue”, B-9 as “ATC fails to notice that pilots make a request that might contain
potential occurrence.”, and the last, B-2 as “ATC neither notice nor correct pilots’
readback error.” These questions related to pilots’ readback errors and/or controller’s
hearback errors. Numbers of events were pilots’ readback error complemented
controllers’ hearback errors, while some cases were just controllers’ hearback errors.
Literatures named the two kinds of situations respectively as readback/hearback error
and hearback error. However, based on responses of pilots and controllers in Taiwan,
they might treat them as same nature to be combined. Hence, this research named this

component as “Readback and hearback error”.

(i) Component 2: No pilot readback

Three questions were in this component, including B-5 as “Pilots do not read
back ATC’s safety-related clearances (takeoff or landings) or instructions (Altitude,
speed or heading)”, B-4 as “Pilots do not read back ATC’s clearances or instructions”,
B-6 as “Pilots do not read back ATC’s clearances or instructions because of pilots’
complacency”. Because the description above all related to the absent of pilots’
response to the instructions or clearances, the component was given name as “No

pilot readback.”

(2) Reliability analysis

B-1 was deleted for higher component reliability. The final reliability analysis
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results for factors are presented in Table 4.13. Cronbach’s alpha values of all

components were between 0.70 and 0.95, which met the acceptable value.

Table 4.12 Factor analysis of communication errors

Questions Component 1 | Component 2

B-3 0.777 -0.009
B-8 0.776 0.179
B-9 0.764 0.151
B-2 0.756 -0.084
B-5 0.066 0.917
B-4 0.027 0.862
B-6 0.083 0.849
Eigenvalue 2.374 2.366
% of Variance 33.911 33.795
Cumulative % 33.911 67.706

Table 4.13 Reliability analysis of communication errors

Corrected Item-Total | Cronbach's Alpha if | Cronbach’s

Correlation Item Deleted Alpha

Readback B-3 0.571 0.717
and B-8 0.600 0.700

Components | Questions

Hearback B-9 0.574 0.709

Error B-2 0.547 0.724
B-5 0.8 0.727
B-4 0.707 0.813
B-6 0.674 0.845

No Pilot
Readback

4.2.3 Factor and reliability analysis for aviation occurrences
(1) Factor analysis

The EFA results of aviation occurrences dimension are presented in Table 4.14.
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KMO test value was 0.823 and the Bartlett’s test of sphericity, the chi-square was
1577.978 and it also reached the level of significance (< 0.05). With EFA, C-5 was
deleted for all its factor loads were lower than 0.50. Two components were extracted

and the names were introduced as following.

(i) Component 1: Runway Incursion

This component was composed of five questions, including C-7 as “An aircraft
made a runway incursion during its landing due to communication errors”, C-8 as
“An aircraft crossed a runway hold marking and made a runway incursion due to
communication errors”, C-10 as “ATC failed to provide required minimum separation
between aircraft and ground obstacle/terrain due to communication errors”, C-9 as
“ATC failed to provide required minimum separation between aircraft (in flight or
during takeoff/landing with other aircraft on adjacent runways), and C-6 as “An
aircraft made a runway incursion during its takeoff due to communication errors”. C-
6, C-7, and C-8 were the scenarios of runway incursion, and C-9 and C-10 were
controllers’ operational errors, which were one type of runway incursion (FAA, 2015).
Thus, these circumstances were synthesized to this component named “Runway

incursion”.

(i) Component 2: Altitude/Heading deviation

This component had two situations, which were C-1 as “Pilots deviated from
ATC assigned altitude due to communication errors” and C-2 as “Pilots deviated from
ATC assigned heading due to communication errors”. The two questions were the
situations that pilot did not follow or mistook ATC instructions or clearances, which

was pilots’ deviation, and the deviation usually included altitude and/or heading
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discrepancy. Therefore, the name of this component was ‘“Altitude/Heading

deviation”.

(2) Reliability analysis

For improving the component reliability, C-3 and C-4 were deleted. The analysis
results for factors are presented in Table 4.15. Two components’ values of Cronbach’s

alpha were between 0.70 and 0.95, reaching the acceptable value.

Table 4.14 Factor analysis of aviation occurrences

Questions Component 1 | Component 2

C-7 0.915 0.186
C-8 0.889 0.220
C-10 0.874 0.058
C-9 0.864 0.079
C-6 0.851 0.190
C-1 0.142 0.924
C-2 0.149 0.920
Eigenvalue 3.905 1.830
% of Variance 55.785 26.143
Cumulative % 55.785 81.928

Table 4.15 Reliability analysis of aviation occurrences

Corrected Item-Total | Cronbach's Alpha if | Cronbach’s
Correlation Item Deleted Alpha

C-7 0.799 0.924
C-8 0.889 0.907

Components Questions

Runway Incursion C-10 0.860 0.913
C-9 0.785 0.928
C-6 0.798 0.924
Altitude/Heading C-1 0.750 -
Deviation C-2 0.750 -
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4.3 T-Test for difference between means for pilots and controllers

This section adopted T-Test for difference between means to examine that there

were cognitive differences on each dimension and component between pilots and air

traffic controllers. The results pointed out that pilots and controllers’ cognition to

“Workload”, “Linguistic factors”, “Pilot anticipation”, “Readback and hearback

error”, “No pilot readback”, “Runway Incursion” and “Altitude/Heading deviation”

had significant differences, which validated H1 as “Pilots and controllers have

significantly different cognitions to the dimensions of factors, errors, and related

aviation occurrences”. The results are presented in Table 4.16.

1)

(2)

3)

There were significant differences between pilots and controllers’ attitude to the
“Workload” component, and the mean of controllers was higher than that of
pilots, indicating controllers perceived much more increasing workload during

duties.

Pilots and controllers’ agreement on ‘“Linguistic factors” had significant
differences, where the mean of pilots was much higher than that of controllers,
suggesting that pilots more recognized the problems related to accent, controllers’
numbers of instructions and speech rate, and so on, which may lead to
communication errors. Besides, this component included some situations
resulted from controllers’ speech problems, but controllers were not inclined to
agree on them. The probable reason was that it was very easy to blame others
for our behavior and for what happens to us (Cox, 2017). As a human nature,

people found others’ mistakes more easily.

The “Pilot anticipation” component also revealed the difference between pilots
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(4)

()

(6)

(7)

and controllers. The mean of controllers was obviously much more than pilots’,
showing that generally pilots did not recognize that they flew with their own
concepts, but controllers could perceive this kind of phenomena. Similarly, it

was more easily for controllers to find this negative behavior of pilots.

For “Similar call sign” and “Frequency change”, pilots and controllers had no
significant different cognition, indicating they had similar experiences and

perceptions of the two factors.

According to the mean scores, pilots had higher scores on readback and hearback
error, implying that based on experiences, pilots may have more perception of

this kind of communication error.

As for “No pilot readback”, controllers got pretty higher scores than pilots,

meaning that controllers had pretty more perception of pilots’ absent responses.

Controllers had higher mean scores on “Altitude/Heading deviation”, while
pilots had higher scores on “Runway incursion”, indicating that they experienced

different occurrences due to communication errors.
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Table 4.16 T-Test for difference between means for pilots and controllers

Mean score

Dimension Component T-value
P Pilot (n=173) Controller (n=112)

Workload 4.2925 4.5661 4.888**

Linguistic factors 4.1214 3.872 -4.463**

Factors | pjlot Anticipation 1.8613 2.6845 10.229**

Similar call sign 4.1175 4.1607 0.571

Frequency change 3.8064 3.6429 -1.648

Readback and hearback error 2.4971 2.1362 -5.459**

No pilot readback 1.3815 2.2054 10.918**

Runway incursion 1.422 1.2179 -3.482**
Occurrence

Altitude/Heading deviation 1.4538 1.7679 4.171**

Note: The grid with gray were the significantly higher means.
*Notes: **p<0.05 and ***p<0.01.

4.4 Differences among responses categories

Section 4.1 has displayed the results of descriptive statistical analysis, showing
the response categories of pilots and controllers. This section presents the different
cognition of the response categories to the components of every dimension, and these
of pilots and controllers are analyzed separately. Most demographic profiles had three
or more categories, which were analyzed with one-way ANOVA, and other few
profiles encompassed only two categories, which were with T-Test for difference

between means.
(1) Examination of pilots’ different cognition among responses categories

First was the ANOVA test for age, professional status, flight training background,
and years experiences and T-Test for difference between means for gender and

nationality. Next, using Scheffe for post hoc tests to explore the detail of ANOVA,
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figuring out which categories were significantly different from each other. Table 4.17

displays the results embodying that pilots’ cognition to components had significant

differences according to flight training background, years experiences, and

nationality.

Dimension

Table 4.17 ANOVA and t-test for pilots’ responses categories

Component

Professional
Status

Flight training
background

Years
experiences

Nationality
(T-value)

Factors

Workload

0.411

1.893

1.224

1.374

Linguistic factors

2.489**

0.426

2.468**

2.928**

Pilot anticipation

0.971

0.471

1.210

0.369

Similar call sign

1.930

3.863**

0.758

1.375

Frequency change

1.454

0.703

1.171

-0.510

Readback and hearback error

0.531

0.743

0.932

-0.016

No pilot readback

0.969

4.679**

1.307

-0.326

Occurrence

Runway incursion

0.933

2.879**

3.433**

-0.752

Altitude/Heading deviation

0.730

2.219

0.798

Note: The values in Nationality column were t-values, and others were F values.
*Notes: Grids with gray indicated that the values had significance. **p<0.05

-0.245

After the ANOVA test, “Professional status™ and “Years experiences” turned to

have no significant difference at “Linguistic factors” component with the Scheffe post

hoc tests, and other results were narrated as following.

According to Table 4.18, with different flight training background, “Company

training”” had significantly higher mean scores than “Military” on “Similar call sign”.
g g y hig y g

Besides, “Others” entirely obtained significant higher mean scores than other flight

training background on “No pilot readback” and “Runway incursion”.
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Table 4.18 Pilots’ cognitive comparation by different flight training backgrounds

Dimension

Component

(@)
Military

CPL/ATPL

(b)

(©)
Company
Training

Significant

Differences
(Scheffe)

(N=33) | (N=47)

(N=90)

3.909 4.000 4.259

(ac)
(a,d), (b,d),
(c.d)
(b,d)

Factor Similar call sign

Error No pilot readback | 1.283 1.426 1.359

Occurrence | Runway incursion 1.449 1.319 1.433

Note: The last column presented significant differences, and the latter value was higher
than the former’s in the brackets.

Presented in Table 4.19, the “Years experiences” had a significance among the
group as ‘“>20 years” possessed much higher mean score than “<5 years” did at the
“Runway incursion” component in the dimension of aviation occurrence. This could
be inferred that with more experiences, senior pilots encountered or learned of more

incidents than junior did.

Table 4.19 Pilots’ cognitive comparation by different years experiences

(d)
16-20 years
(N=23)

(d)
>20 years
(N=35)

(@ Significant

<5 years
(N=33)

(b) (c)
11-15 years
(N=35)

Dimension | Component

Differences
(Scheffe)

5-10 years
(N=46)

Runway

1.165 1.404 1.394 1.435 1.714

(ad)

Occurrence

incursion

Note: The last column presented significant differences, and the latter value was higher
than the former’s in the brackets.

The profile of nationality was divided to two categories, which were Taiwanese
and other countries, and the differences were examined with T-Test for difference
between means. From Table 4.20, it shows that foreign pilots had lower mean scores

on “Linguistic factors” than Taiwanese pilots, and it reached the significance level
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(<0.05), pointing out that they had less problem of statement with air traffic

controllers. This may be because pilots from other countries had good English

proficiency or were accommodated to Taiwanese controllers’ speech practices.

Table 4.20 Pilots’ cognitive comparation by different nationality

Dimension

Component

(@)
Taiwan, R.O.C.
(N=164)

(b)
Others
(N=9)

Differences
Between Means

Factor

Linguistic

4.1453

3.6852

(b,a)

factors

Note: The last column presented significant differences, and the latter value was higher

than the former’s in the brackets.

(2) Examination of controllers’ different cognition among responses categories

Same as the examination for pilots, the one-way ANOVA and T-Test for
difference between means were first carried out to present the preliminary results of
significant differences. Afterward, Scheffe method was used to do the post hoc test
to view the detail of those differences. By first step, Table 4.21 demonstrates that
categories of ‘“Professional status” and “Years experiences” had significant

differences with one another.
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Table 4.21 ANOVA for controllers’ responses categories

Dimension Component

Professional
Status

Years
Experiences

Workload

3.231**

0.995

Linguistic factors

1.100

1.609

Factors Pilot anticipation

0.836

1.775

Similar call sign

5.388***

1.357

Frequency change

0.594

0.630

Readback and hearback error

0.334

0.373

No pilot readback

0.372

0.997

Occurrence Runway incursion

1.929

1.371

Altitude/Heading deviation

Note: The values were F values.

8.587***

10.802***

*Notes: Grids with gray indicated that the values had significance. **p<0.05 and ***p<0.01

Table 4.22 shows the detailed ANOVA results of controllers’ professional status.

By Scheffe post hoc tests, this profile turned to have no significant difference in

“Workload” component, while it still had significance in “Similar call sign” and

“Altitude/Heading deviation”. Supervisors significantly had higher scores than

managers did on “Similar call sign” component, indicating supervisors perceived

more frequencies of this occurrence. As for “Altitude/Heading deviation”, tower

controllers in general had lower mean scores than other categories did on this

component because tower controllers were mainly responsible for issuing take-off or

landing clearances and supervising ground movements, less relating to altitude or

heading clearances.
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Table 4.22 controllers’ cognitive comparation by different professional status

(© (d) Significant
Dimension Component Supervisor | Manager | Differences
(N=25) (N=9) (Scheffe)

Factor Similar call sign 4.387 3.667 (d,c)

Altitude/Heading (ab), (ac)
Occurrence o 2.040 2.000
deviation (a,d)

Note: The last column presented significant differences, and the latter value was higher

than the former’s in the brackets.

The detailed mean scores of controllers’ years experiences are listed in Table
4.23. The table shows that mean scores of “Less than ten years” were significantly
lower than other years experiences categories, inferred that junior controllers have

less experiences of this kind of situations.
Table 4.23 controllers’ cognitive comparation by different years experiences
Significant

Dimension Component Differences
(Scheffe)

Altitude/Heading (ab), (ac)
deviation (a,d)

Occurrence

Note: The last column presented significant differences, and the latter value was higher
than the former’s in the brackets.

4.5 Factor-error-occurrence regression analysis

The results of T-Test for difference between means indicated that pilots and
controllers had significantly different cognition to the three dimensions and
components belonging them. In this section, computing the mean of each component
as summated scales and adopting both simple and multiple regression analysis to

verify the relations between factors and communication errors as well as between
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communication errors and aviation occurrences.

To avoid collinearity, this study used components’ summated scales to execute
multiple regression test and had analysis of correlation among the independent
variables in advance, of which results were shown in Appendix Ill. The results
indicated that most independent variables had modestly correlated (R value was
between 0.1 and 0.39 or -0.39 and -0.1), and only few had moderately correlated (R
value was between 0.4 and 0.69 or -0.69 and -0.4). Besides, VIF of each independent
variable was not greater than 10, which meant there were no collinearity, and the data

were suitable for multiple regression analysis.

4.5.1 Regression analysis of factors and communication errors

(1) Regression analysis of factor-error relation for pilots

First, based on H2a to H2e, taking all factors contributed to communication
errors as the independent variables, and readback and hearback error as the dependent
variable for the multiple regression analysis. As Table 4.24 presents, the adjusted R
was 0.111, F value was 5.308 and the P-value was 0.000, lower than 0.05, meaning
the independent variables’ 11.1% variance explained for dependent variables reached
statistical significance. Lastly, the DW value was 1.980, indicating no autocorrelation.
The regression results showed that “Workload”, “Pilot anticipation”, and “Frequency
change” had significant positive influence on “Readback and hearback error”.
Therefore, H2a, H2c, and H2e for pilots were valid. Finally, among all factors,
“Frequency change” and “Workload” have more significant relation to readback and

hearback error.
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Table 4.24 Analysis of factor-error relation (Pilots-1)

Adjusted R?: 0.111
Dependent Variables: Readback and hearback error F:5.308

Independent Variables: Factors leading to communication error P-value: 0.000
Durbin-Watson: 1.980

Independent variables Beta p-value VIF

H2a-Workload 0.139 0.088* 1.281

H2b-Linguistic factor 0.127 0.130 1.350
H2c-Pilot anticipation 0.177 0.018** 1.060

H2d-Similar call sign -0.087 0.278 1.253
H2e-Frequency change 0.210 0.012** 1.321

*Notes: *p<0.1, **p<0.05 and ***p<0.01

The other regression analysis was for H2f, setting “Pilot anticipation” as the
independent variable and “No pilot readback” as the dependent variable. Displayed
by Table 4.25, the adjusted R? was 0.159, F value was 33.468 and the P-value was
0.000, lower than 0.05, suggesting that the 15.9% independent variables’ variance
explained for dependent variables had statistical significance. The regression results
showed that “Pilot anticipation” had significant positive relation to “No pilot

readback”. Thus, H2f for pilots was valid and the standardized coefficient was 0.405.

Table 4.25 Analysis of factor-error relation (Pilots-2)

Adjusted R?: 0.159
F: 33.468
P-value: 0.000

Dependent Variables: No pilot readback
Independent Variables: Pilot anticipation

Independent variables Beta p-value

H2f-Pilot anticipation 0.405 0.000***

*Notes: *p<0.1, **p<0.05 and ***p<0.01
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Based on the results above, H2a, H2c, H2e, and H2f were valid, which meant
H2 for pilots also had validation; that is, factor has significantly positive relation with

communication error.
(2) Regression analysis of factor-error relation for controllers

Same as the analysis for pilots, to verify H2a to H2d, all factors contributed to
communication errors were set as the independent variables, and readback and
hearback error as the dependent variable. Table 4.26 presents that the adjusted R?
was 0.152, F value was 4.986 and the P-value was 0.000, lower than 0.05, thus the
independent variables’ 15.2% variance explained for dependent variables had
statistical significance. Besides, the DW value was 1.768, without autocorrelation.
The regression results showed that “Linguistic factors”, “Pilot anticipation”, and
“Similar call sign” influence significantly and positively on “Readback and hearback
error”. The validation of H2b, H2¢, and H2d for controllers was supported, and
among these factors, “Frequency change” and “Pilot anticipation” and “Linguistic

factors” related more significant to readback and hearback error.

Next step was also to set “Pilot anticipation” as the independent variable and
“No pilot readback™ as the dependent variable to execute the simple regression
analysis for the verification of H2f. The adjusted R? was 0.039, F value was 5.527
and the P-value was 0.000, lower than 0.05, showing the 3.9% independent variables’
variance explained for dependent variables reaching statistical significance. The
regression results indicated that “Pilot anticipation” possessed significantly positive
relation to “No pilot readback”, which validated H2f for controllers and the

standardized coefficient was 0.219. The results are shown in Table 4.27.
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Table 4.26 Analysis of factor-error relation (Controllers-1)

Adjusted R?: 0.152
Dependent Variables: Readback and hearback error F: 4.986

Independent Variables: Factors leading to communication error P-value: 0.000
Durbin-Watson: 1.768

Independent variables Beta p-value VIF

H2a-Workload -0.097 0.352 1.408
H2b-Linguistic factor 0.226 0.023** 1.253

H2c-Pilot anticipation 0.238 0.012** 1.134

H2d-Similar call sign 0.178 0.097* 1.488
H2e-Frequency change -0.012 0.893 1.090

*Notes: *p<0.1, **p<0.05 and ***p<0.01

Table 4.27 Analysis of factor-error relation (Controllers-2)

Adjusted R*: 0.039
F: 5.527
P-value: 0.000

Dependent Variables: No pilot readback
Independent Variables: Pilot anticipation

Independent variables Beta p-value

H2f-Pilot anticipation 0.219 0.021**

*Notes: *p<0.1, **p<0.05 and ***p<0.01

Referring to the results above, H2b, H2c, H2d, and H2f were valid, supporting
H2 for controllers also had validation; that is, factor has significantly positive

influence on communication error.

4.5.2 Explanation for the factor-communication error

As the questionnaires were responded by pilots and controllers serving for

aviation industry in Taiwan to understand the communicative problems, the following
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was the explanation of the regression analysis, which could reflect some conditions
of the air traffic system in Taiwan. This section was divided to two parts as the
regression of factors and communication errors and the regression of communication

errors and aviation occurrences.

(1) Workload

The results indicated that for pilots, workload was one of the reasons for
readback and hearback error, while for controllers, it had no significant effect. The
descriptive statistical analysis showed that both pilots and controllers really agreed
on the issues increasing workload and considered workload a factor contributing to
communication error. However, for controllers in Taiwan, the connection between
their workload and readback and hearback error was not significant. Perhaps during
their duties, they had not experienced this error because of workload that frequently.

Besides, controllers may be accommodated to the high workload duty period.

(2) Linguistic factors

From the results, for controllers, linguistic factors significantly related to
readback hearback error, whereas the relation was not significant for pilots. The mean
scores of pilots for linguistic factors was 4.1214, and that of controllers was 3.872,
which were both high. Though pilots averagely gave higher scores to this component,
indicating that they agreed on the relation of linguistic factors and the occurrences of
communication errors, they did not associate this factor with the exact “readback and

hearback error”.

Following are three possible reasons for the results. First, in reality, linguistic

factors are not huge issues for pilots in Taiwan. They have traveled around numerous
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countries or regions that they probably have been accommodated to the high speech
rate, different accent, many numbers of instructions, native non-standard phraseology;,
and so on, especially pilots with rich years experiences. Second, errors might have
been reduced because of pilots’ rechecking of unclear instructions, which can be
supported by pilots’ low mean scores (1.61) on A-12, much lower than controllers’
2.30, as they much more disagreed on “pilots do not request the ATC for clarifications,

even a clearance or an instruction is not clear”.

Lastly, as controllers are responsible for the safe and efficient flow of air traffic,
one controller may handle large numbers of aircraft at the same time to keep the
sufficient separation, so they have to give instructions continuously to different flights,
and the instructions are usually fast along with many items. Serving for lots of flights
simultaneously, controllers may lose concentration on the pilot’s readback because
they had to focus on compiling the next instructions issued to another aircraft.
Sometimes when a pilot readback incorrectly, it is too late for controllers to notice
and a deviation afterward occurred. Hence, the job characteristics of controllers can
be the main reason for their perception of the significant relation between linguistic

factors and readback and hearback error.

(3) Pilot anticipation

Pilot anticipation significantly related to readback and hearback error and no
pilot readback for both pilots and controllers. However, they inclined to disagree on
the situations described in this “pilot anticipation” component. In the T-Test for
difference between means, both pilots and controllers’ mean scores on this component

were low, no more than 3.00. Besides, based on the work experiences of pilots and
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controllers in Taiwan, actually the occurring frequency of readback and hearback
error and no pilot readback were not high. Therefore, the actual significant relation
between pilot anticipation and the two errors were low agreement and few
occurrences, indicating this kind of events were not frequent, but the factor’s effects
were positive. This can be inferred that once the situations of pilot anticipation

increase, the readback and hearback error or no pilot readback will occur more often.

Although the agreement and error frequency were low, the first case from
TACARE in Chapter 2 indeed presented an event of pilot anticipation resulting in no
pilot readback in Taiwan. Hence, the positive relation between pilot anticipation and

error was empirically verified.

(4) Similar call sign

For controllers, similar call sign was a significant reason for readback and
hearback error, while it was not for pilots. Both pilots and controllers in Taiwan gave
high scores on this component, but it seemed to have no obvious relation with
readback and hearback errors for pilots in reality. Pilots and controllers in Taiwan
inclined to disagree on A-4 as “Pilots do not correct the ATC actively when he/she
calls pilots the wrong call sign” and A-5 as “ATC does not remind pilots when there
is an aircraft with similar call sign on the same frequency.” Therefore, chances for the

occurrences of communication errors due to similar call sign are presumably lessen.

Nevertheless, the job characteristics of controllers also accounts for the results.
As mentioned previously, controllers provide services for many aircraft at the same
time. There are many aircraft on the radar and radio, denoting many call signs

controllers should pay attention to and remember. However, pilots only need to focus
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on their own call sign. Once there are similar call signs at the same time and region,
chances that controllers mistake the call signs and do not find their incorrect calling
for the aircraft, or they do not discover the pilot’s wrong readback. This is again the

job characteristics causing significant factor-error relation of controller.
(5) Frequency change

Frequency change significantly related to readback and hearback error for pilots
but not for controllers. Because during a whole flight, especially for the long haul,
the aircraft would pass numbers of flight information regions (FIR) and pilots need
to keep changing the radio frequency to communicate with local air traffic control. If
there are situations such as no transmission for an abnormally long time or the local
ATC informing of the absent area entering report, pilots in flight could perceive these
situations that are caused by frequency change problems more easily than controllers
on the ground. Consequently, pilots might be more able to perceive a common error
that they read back and tuned the frequency incorrectly and controllers do not notice

it, contributing to the significant relation between this factor and error.

4.5.3 Regression analysis of communication errors and aviation

occurrences
(1) Regression analysis of error-occurrence relation for pilots

The first analysis for this part was setting both “Readback and hearback error”
and “No pilot readback™ as the independent variables and “Runway incursion” as the
dependent variable. After the multiple regression analysis, the adjusted R? was
0.151, F value was 16.346 and the P-value was 0.000, lower than 0.05. This implied

the independent variables’ 15.1% variance explained for dependent variables
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achieved statistical significance. Last, the DW value was 2.038, so the variables did
not have autocorrelation. The regression results showed that “Readback and hearback
error” and “No pilot readback” had significant positive influence on “Runway
incursion”. Therefore, H3a and H3b for pilots were valid. Additionally, within the
two communication errors, “No pilot readback” had greater relation to runway

incursion. The results are displayed in Table 4.28.

Table 4.28 Analysis of error-occurrence relation (Pilots-1)

Adjusted R?: 0.151
Dependent Variables: Runway incursion F:16.346
Independent Variables: Communication errors P-value: 0.000
Durbin-Watson: 2.038

Independent variables Beta p-value VIF

H3a-Readback and hearback error 0.232 0.002*** 1.107

H3b-No pilot readback 0.264 0.000*** 1.107

*Notes: *p<0.1, **p<0.05 and ***p<0.01

Next, defining “Readback and hearback error” and “No pilot readback” as the
independent variables and “Altitude/Heading deviation” as the dependent variable.
Shown in Table 4.29, the adjusted R* was 0.270, F value was 32.834 and the p-value
was 0.000, lower than 0.05. The independent variables’ 27% variance explained for
dependent variables had statistical significance. Furthermore, the DW value was
2.122 that was acceptable, having no autocorrelation. The regression results
embodied the significantly positive influence of “No pilot readback” on

“Altitude/Heading deviation”. As a result, H3d was valid.
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Table 4.29 Analysis of error-occurrence relation (Pilots-2)

Adjusted R? :0.270
Dependent Variables: Altitude/Heading deviation F: 32.834
Independent Variables: Communication errors P-value: 0.000
Durbin-Watson: 2.122

Independent variables p-value VIF

H3c-Readback and hearback error 0.551 1.107

H3d-No pilot readback 0.000*** 1.107

*Notes: *p<0.1, **p<0.05 and ***p<0.01

According to the results above, H3a, H3b, and H3d were valid, inferring that H3
for pilots was also validated, which was “Communication error has significantly

positive influence on aviation occurrence”.

(2) Regression analysis of error-occurrence relation for controllers

First, “Readback and hearback error” and “No pilot readback” were the
independent variables and “Runway incursion” was the dependent variable. After the
multiple regression analysis, the adjusted R? was 0.070, F value was 5.185 and the
P-value was 0.000, lower than 0.05. The independent variables’ 7% variance
explained for dependent variables measured up statistical significance. What’s more,
the DW value was 1.892 that the variables had no autocorrelation. The regression
results are displayed in Table 4.30, indicating that “Readback and hearback error”
had significantly positive influence on “Runway incursion”. Hence, H3a for

controllers was valid.
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Table 4.30 Analysis of error-occurrence relation (Controllers-1)

Adjusted R?:0.070
Dependent Variables: Runway incursion F:5.185

Independent Variables: Communication errors P-value: 0.000
Durbin-Watson: 1.892

Independent variables VIF

H3a-Readback and hearback error 1.414

H3b-No pilot readback 1.414

*Notes: *p<0.1, **p<0.05 and ***p<0.01

For the validation test for H3c and H3d, setting “Readback and hearback error”
and “No pilot readback™ as the independent variables and “Altitude/Heading
deviation” as the dependent variable. The results are in Table 4.31. The adjusted
R? was 0.246, F value was 19.111 and the p-value was 0.000, lower than 0.05. The
24.6% of independent variables’ variance explained for dependent variables attained
statistical significance. Next, the DW value was 1.525, which was acceptable with no
autocorrelation. Based on the results, the significantly positive influence of
“Readback and haerback error” and “No pilot readback” on “Altitude/Heading

deviation” were supported; thus, H3c and H3d for controllers were valid.
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Table 4.31 Analysis of error-occurrence relation (Controllers-2)

Adjusted R?: 0.246
Dependent Variables: Altitude/Heading deviation F:19.111
Independent Variables: Communication errors P-value: 0.000
Durbin-Watson: 1.525

Independent variables p-value VIF

H3c-Readback and hearback error 0.001*** 1.414

H3d-No pilot readback 0.016** 1.414

*Notes: *p<0.1, **p<0.05 and ***p<0.01

In line with all results for controllers, H3a, H3c, and H3d were valid, and H3 for
controllers also possess validation as “Communication error has significantly positive

influence on aviation occurrence”.

4.5.4 Explanation of communication errors and aviation occurrences

Both pilots and controllers in Taiwan generally gave low scores to the situations
of aviation occurrences, indicating the occurrences must have been managed to a
certain extent. However, errors and occurrences are inevitable, as the results still
presented some relation between errors and occurrences based on pilots and

controllers’ experiences.

For pilots, with their work experiences, they thought both readback and hearback
error and no pilot readback affected occurrences of runway incursion positively, and
the more obvious reason for altitude/heading deviation was their non-response to
ATC instructions or clearances. For controllers, both readback and hearback error and
no pilot readback had high relation with altitude/heading deviation, whereas runway

incursion was mainly caused by readback and hearback error. The results can be

107



explained by the T-Test for difference between means that pilots thought runway
incursion had relatively higher occurring frequencies, while controllers thought
altitude/heading deviation occurred more often. Therefore, the occurrence with

higher frequencies can be more easily perceived to occur due to more errors.

The pilot samples serving for the airline were not only Taiwanese but also from
other countries, and they had flied to various countries for their job and experienced
different practices, events and rules in different regions. As for controller samples,
they were all Taiwanese and most of their experiences were the “Taiwan
circumstances”. The different work memories, encountering events and feelings of
pilots and controllers is the main reason for the different results of error-occurrence
relation. Despite the differences between pilots and controllers’ results, the thing in
common is that errors and occurrences still have potential to affect flight safety.
Therefore, the specific contributing errors and specific occurrences should be

concentrated on and be avoided.

4.5.5 Verification of the results

The hypotheses of factor-error-occurrence relation were made based on the
objective data in literature reviews and the cases in Chapter 2, and the results of
subjective perspectives validated all hypotheses completely, or at least partially:
pilots or controllers, as the verification for the real data. The relation results are shown

in Figure 4.1 and Figure 4.2.
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Figure 4.2 Validation of factor-error-occurrence hypotheses (Controllers)
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Despite the fact that this study mainly represented for “Taiwan situations”, the

results also fitted in the explanation for international cases, which were narrated as

following.

1)

()

©)

The H2a and H3a indicated a coherent relation that workload could result in
readback and hearback errors and next lead to runway incursion and this relation
was significant for pilots. Pilots’ high workload from the duty time limitation
was one of the reasons for Tenerife disaster, inducing the readback and hearback
error and the finally deadly runway incursion. On the other hand, even Antonov-
124 runway incursion in Taiwan was due to controller’s workload, the case
verified that high workload environment still was a common reason for readback

and hearback error occurrences.

The H2b and H3a or H3c described the coherent situations from linguistic factors
to readback and hearback errors and ended up runway incursion or
altitude/heading deviation. This relation was perfectly significant for controllers.
Two cases were that the use of non-standard phraseology made the readback and
hearback error occur and then lead to the runway incursion of Tenerife disaster

as well as the altitude deviation of B1900C’s CFIT accident.

H2c and H3a stated the coherent relation of pilot anticipation causing readback
and hearback error and resulting in runway incursion. The relations were
completely significant for both pilots and controllers. The verification was the
anticipation of KLM pilots made him misunderstood the non-takeoff clearance
as the permission of takeoff, which was also one of reasons for the Tenerife

disaster.
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(4) H2f and H3d represented for the relation of pilot anticipation and no pilot
readback and the result as altitude/heading deviation, and the relations were also
integrally significant for both pilots and controllers. The results could be verified
by the case in Taiwan recorded in TACARE. The aircraft executed an early and

inappropriate climb because of pilot anticipation and absent readback.

4.6 Summary

With the factor analysis, this study extracted “Workload”, “Linguistic factors”,
“Pilot anticipation”, “Similar call sign” and “Frequency change” as the five
components of the “Factors” dimension. “Readback and hearback error” and “No
pilot readback” belonged to “Communication errors’” dimension. Third, the “Aviation
occurrence” dimension included two components as “Runway incursion” and

“Altitude/Heading deviation”.

The results of the T-Test for difference between means for showed that pilots and
controllers had significantly different cognition to most of the components, composed
of “Workload”, “Linguistic factors”, “Pilot anticipation”, “Readback and hearback

error”’, “No pilot readback”, “Runway incursion” and “Altitude/Heading deviation”.

With the one-way ANOVA and T-Test for difference between means, both pilot’s
and controllers’ categories of demographic profiles could also have significantly
different cognition to the components with one another. For pilots, their flight training
background had significant differences in all three dimensions, and their years
experiences and nationality had significant differences in the “Occurrence” and the
“Factor” dimension respectively. The other, for controllers, their professional status

had significant differences with one another in the “Factor” and *“Occurrence”
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dimension, while their years experiences possessed the significant differences in the

“Occurrence” dimension.

Finally, the results of the regression analysis were summarized as following with

Table 4.32, Table 4.33, presenting the validation of factor-error-occurrence

hypotheses for pilots and air traffic controllers. Table 4.34 displaying the validation

of all hypotheses in this study.

1)

(2)

©)

For pilots, “Workload”, “Pilot anticipation” and “Frequency change” were
significantly associated with “Readback and hearback error”, and “Pilot
anticipation” significantly and positively related to “No pilot readback™. For the
exploration of the relation between communication errors and aviation
occurrences, both “Readback and hearback error” and “No pilot readback”
significantly related to “Runway incursion”, whereas “No pilot readback”

possessed significant relation with “Altitude/Heading deviation”.

For controllers, “Linguistic factors”, “Pilot anticipation” and “Similar call sign”
significantly related to “Readback and hearback error”, and “Pilot anticipation”
significantly and positively related to “No pilot readback”. As for the relation
between communication errors and aviation occurrences, “Readback and
hearback error” had significant influence and caused “Runway incursion”, while
both “Readback and hearback error” and “No pilot readback” provided high

possibility to bring about “Altitude/Heading deviation”.

The adjusted R? values of the regression results mostly fell in the 0.1 to 0.2
interval, which were not high. A big reason was that this research explored the

issues on pilots and controllers” communication errors from their subject
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experiences and attitudes, and generally studies on human attitudes or behaviors
show quite low R-square value because humans were hard to predicted (Ten
Hoeve et al., 2016; Frost, 2013). Nevertheless, the significant P-values in the
results still drew the conclusion that this model could predict the relation

between factors, errors, and aviation occurrences.

Table 4.32 The validation of the factor-error-occurrence relation (Pilots)

Pilot
Factor Error Occurrence

Workload

Pilot anticipation | Readback and hearback error Runway incursion

Frequency change

Runway incursion

Pilot anticipation No pilot readback
| Altitude/Heading deviation \

Table 4.33 The validation of the factor-error-occurrence relation (Controllers)

Controller
Factor Error Occurrence

Linguistic factors

Runway incursion

Pilot anticipation | Readback and hearback error

— - Altitude/Heading deviation
Similar call sign

Pilot anticipation No pilot readback Altitude/Heading deviation
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Hypotheses

Table 4.34 The validation of the hypotheses

Narration of the hypotheses

Validation

H1

Pilots and controllers have significantly different
cognitions to the dimensions of factors, errors, and
related aviation occurrences.

Valid

Factor has significantly positive influence on
communication error.

Valid

Workload has significantly positive influence on
readback and hearback error.

Partially
Valid

Linguistic factors has significantly positive influence
on readback and hearback error.

Partially
Valid

Pilot anticipation has significantly positive influence
on readback and hearback error.

Valid

Similar call sign has significantly positive influence
on readback and hearback error.

Partially
Valid

Frequency change has significantly positive influence
on readback and hearback error.

Partially
Valid

Pilot anticipation has significantly positive influence
on no pilot readback.

Valid

Communication error has significantly positive
influence on aviation occurrence.

Valid

Readback and hearback error has significantly
positive influence on runway incursion.

Valid

No pilot readback has significantly positive influence
on runway incursion.

Partially
Valid

Readback and hearback error has significantly
positive influence on altitude/heading deviation.

Partially
Valid

No pilot readback has significantly positive influence
on altitude/heading deviation.
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Chapter 5 Conclusions and suggestions

This chapter concluded the study founds and provided suggestions for pilots,
controllers, airline corporations, and relative government based on the results in
Chapter 4. Three sections were included in this chapter. First, reaffirming the factor-
error-occurrence relation and the difference between pilots and controllers as the
research conclusions. Second, the practical implications listed up the suggestions for
current pilot-controller communication problems to make progress of the flight safety

in Taiwan. The other was the limitations and the future study suggestions.

5.1 Research conclusions

Reflecting to the research purposes of this studies, four research conclusions are

drawn as below :

(1) To explore the common contributory factors of pilot-controller communication
errors, types of communication errors, and related aviation occurrences.

This research found five factors, two communication errors, and two aviation
occurrences from the survey of pilots and controllers’ attitude toward their
communication. Factors included workload, linguistic factors, pilot anticipation,
similar call sign, and frequency change, whereas communication errors included
readback and hearback error and no pilot readback. Lastly, common aviation
occurrences due to communication errors were runway incursion and altitude/heading

deviation.

(2) To explore the significant difference between the cognition of pilots and
controllers to the factors, communication errors, and occurrences.

The results showed that pilots and controllers held different agreement on factors,
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and perceived much different frequencies of communication errors and aviation
occurrences, indicating the existence of cognitive gaps, of which the work contents,

job characteristics, human nature, and experiences are the reasons.

(3) To verify the significant factor-error-occurrence relationship with line-operating
pilots and controllers based on their experiences and professionally viewpoints
through a questionnaire survey.

Based on pilots’ response, workload, pilot anticipation, and frequency change
can lead to readback and hearback error, then possibly followed by occurrence as
runway incursion. Besides, pilot anticipation also relates to no pilot readback, which
may cause runway incursion and altitude/heading deviation. From the answers of air
traffic controllers, linguistic factors, pilot anticipation, and similar call sign can cause
readback and hearback errors, leading to altitude/heading deviation and runway
incursion. As for pilot anticipation, past research found it easily happening and
leading to communication errors, while the objects in this study responses inclined to
disagree on it. However, the positive relation between pilot anticipation and
communication errors by the regression test and the case in TACARE indicated that
it is also treated as the main reason for no pilot readback which may result in

altitude/heading deviation.

(4) Based on the results, understanding the current frequencies of the factors,
communication errors, and aviation occurrences related to the errors to provide
suggestions for pilots, controllers, airline carriers, and government authorities,
expecting to improve the flight safety.

According to the results found in Chapter 4, this study found the factors leading

to communication errors and this research provides specific suggestions according to
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the situations and the internal element leading to errors in each factor components for
pilots, controllers, airliners and government as the first line of defense of pilot-

controller communication errors.

5.2 Research suggestions

Under the TEM framework, the first priority is to detect and eliminate the threat.
Once the threat has been managed or removed, the occurrences of occurrences can be
very low. Hence, this part listed up practical suggestions to reduce and inhibit the

situations which may next result in pilot-controller communication error.
(1) Workload issues

From pilots’ viewpoints, workload is a significant reason for readback and
hearback error. Because adverse conditions such as fatigue, emergent events, and
equipment malfunction along with frequency congestion would increase workload,
airline corporations should strengthen the training for pilots on situational awareness,
standard operating process, urgent problems solving, and crew resources

management to enhance pilots’ stress resistance and cooperation ability.

Based on the analysis of controllers’ responses, they considered workload indeed
a factor influencing communication, but the analytic results showed that,
experientially, workload did not significantly relate to readback and hearback error.
Nevertheless, it should not be inferred that there were no events involved in this
factor-error relation in Taiwan as the Antonov-124 runway incursion was the exact
case because of a junior controller’s high workload. Therefore, the Civil Aeronautics

Administration should also provide more training and supervise the performance.

117



(2) Linguistic factors and similar call sign issues

Most situations included in linguistic factors component relates to controllers’
speech problems, and pilots had much higher agreement on those situations. One of
the probable reasons is that, as a human nature, people found others’ mistakes and
blame others more easily. However, the results showed that controllers thought
linguistic factors experientially related to readback and hearback error, while pilots
did not. Next, for similar call sign, there was no significant differences between both
side’s agreement. Controllers considered it an obvious reason for readback and

hearback error, but pilots did not think so.

The different perspectives on the factor-error relation of pilots and controllers
is because the different job characteristics. Controllers need to identify many aircraft
and issue continuous instructions at the same time, while pilots only need to pay
attention to their own call sign and instructions. Therefore, it is necessary to improve
controllers’ professional abilities, such as using right phraseology, listening abilities,
concentration and giving correctly clear instructions, which are as short as possible.

For pilots, enhancing their concentration on controllers’ transmissions is also needed.

(3) Phenomena of pilot anticipation

Although the agreement scores given by pilots and controllers on the questions
involved in pilot anticipation were not high (controllers still gave obvious higher
scores), this factor still had positive relation with readback and hearback error and no
pilot readback. Even pilots and controllers in Taiwan did not consider events with
pilot anticipation common situations, the second case study in Taiwan in Chapter 2

indeed presented the incident that pilot anticipation caused no pilot readback and an
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altitude deviation occurred. Therefore, pilots always have to look out their readback
completeness and follow controllers’ instructions. If there is any doubtful or
infeasible instruction or clearance, pilots are supposed to remind controllers of the
problematic transmission, not keep going by their own decision, as the way to hinder
the flight from occurrences. Controllers should focus on whether pilots have readback

completely to ensure the message has been received and decoded precisely.

(4) Frequency change

This kind of factor includes pilot’s wrong readback and tuning of the radio
frequencies or controllers’ neglect of handing off the flight to the next sector. Even
pilots readback with right frequencies numbers, chances are they still tuning
erroneously, embodying the inconsistency between performances and minds. The
suggestion is that airlines should train pilots and elevate their listening
comprehension as well as their concentration. Besides, CRM is also needed to be
highlighted since the error can be avoided if other flight crews can perceive one’s
readback or tuning of incorrect radio frequency and amends it immediately. For
controllers, the importance of concentration on the movement of aircraft should be
promoted. Finally, as mentioned before, situational awareness should be gained for
both pilots and controllers. With more awareness, the long-suspended communication

can be easily discovered and restored to be linked, excused from risky circumstances.

(5) NextGen works

The scientific and technical method for the prevention of communication errors,
NextGen, a significant evolution of air traffic management initiated by Federal

Aviation Administration, now is working. Among the great works, Data
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communication, partially replaces voice communication with digitally texted-based
messages. One of the completed work is CPDLC DCL, which has been used for
departure clearance. The similar facility has also been implemented in Taiwan known
as the Data Link Departure Clearance. Data communication can reduce the delay and
confusing communication and frequency congestion, lessening pilots and controllers’
workload. What’s more, with the visual and clear messages, linguistic factors such as
accents or non-standard phraseology, similar call sign problems, and incorrectly

tuning frequency can be effectively avoided.

FAA now is preparing for adding data communication to en route services,
expanding the benefits for all the routing flights (FAA, 2017a). Besides, new
Performance Based Navigation (PBN), another great work of NextGen, using
satellite-based precision enable aircraft to fly more direct routes, saving fuel and time,
and increasing traffic flow (FAA, 2017b), which also decreases workload of both
pilots and controllers. As the new application of the CPDLC and other great works
being promoted by FAA NextGen program, these works are supposed to be made
good use of in Taiwan or particular in busy airports in other countries. It is the
government’s responsibility to construct the infrastructures as well as airline
corporation assist to promote, and the control centers should cooperate and coordinate

with one another.

(6) Relationship-oriented factors

While the above suggestions are the approaches to the reduction of pilot-
controller communication errors and reaching solid flight safety, which is “task-

oriented communication”, Kang et al. (2017) pointed out that the more important
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phase is “relationship-building communications”, emphasizing on communicators’
realizing of each other. The research found that as pilots and controllers are in a team
for upholding safety, they are supposed to cultivate the mutual understanding and
communicate with courtesy, professionalism, and attentive to attain good team
performance, i.e. A safe and efficient air traffic system. Therefore, imperative
solutions are not only holding more seminars for the opinions exchanging the but also
observation learning of counterpart’s workplaces and procedures for pilots and
controllers to understand each other more, building the consensus and decreasing the

cognitive gaps to reach better pilot-controller cooperation.

5.3 Research contributions

The contributions of this study are listed as following :

(1) As previously past research mostly generalized the factor-error-occurrence
relation of pilots and controllers’ communication by real reporting data, and few
studies investigated it from on-line workers’ perspectives, this study conducts a
questionnaire survey to assemble personal experiences and subjective viewpoints
of pilots and controllers to understand the individual feeling and attitude toward
pilots and controllers’ communication error. By this way this study found different
cognition between pilots and controllers on this issue, giving a chance to focus on

the conflicts and difficulties at both sides, and provide solutions for them.

(2) This study found the relation of specific factors contributing to specific pilot-

controller communication errors and leading to specific aviation occurrences.

(3) Although this research was mainly based in Taiwan, an approach was derived

from the results to predict pilots and controllers’ problematic behaviors, which
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can be the general application to the exploration of pilot-controller
communication errors and occurrences around the world, providing the situations
which should be focused. The suggestions in this research provide the references
for worldwide airliners and governments to improve communication between

pilots and air traffic controllers.

5.4 Limitation and Future research suggestions

The limitation was that since the two groups of objects have different job
characteristics and tasks from each other, the questions were designed in a generally-
understood term, which may cause the loss of some specifically professional

viewpoints from both sides.

As for future suggestions, the pilot-controller communication is not limited to
vocal messages exchange. As mentioned previously that it also embraces CPDLC,
which is the interaction with texting message to reduce vocal communication error.
However, the message transfer time with data link appears to be longer; thus, if there
are increased multiple open message transactions, the transmissions would be delayed
and the efficiency would be lessened (Rakas & Yang, 2007). As CPDLC nowadays

is a trend, there is necessary for the future research to add this issue for discussion.

Next, this study only focused on the factors and occurrences related to pilot-
controller communication errors that the results only showed the problematic phases
which are supposed to be more emphasized on and be solved. It is suggested that
future research explore positive or superior elements for improving the

communication quality which are supposed to be promoted and kept.

Finally, this research has constructed a factor-error-occurrence relation
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framework for the communication of pilots and controllers as presented in Figure
4.1 and Figure 4.2. Based on this empirical framework, structural equation
modeling (SEM) is recommended to use for future research as this method is
able to present a clearer relation graph at one time and the causal effects between
factors and factors, errors and errors, as well as occurrences and occurrences can
also be explored simultaneously to enrich the cognition to pilot-controller

communication, concepting more strategies to keep flight safety.
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lost standard separation with other aircrafts due to
communication errors.
§ONRE R A APl R A F SR B S T
i AR K
#T £ 3 I tookﬂthe ATC’s clearance or instruction that was for U
f;j; another aircraft due to communication errors.
42 ;%?ﬁ_iiﬁﬁii CERIR B EFT N4 S R T
> 38 ATC issued a clearance or an instruction to the wrong U (ot
aircraft due to communication errors.

TEWIRA
Please turn to the next page.
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39

d At > Rangy BB A e ~ 2o
An aircraft made a runway incursion during its takeoff
due to communication errors.

dO A R o AT BANEIPEE A A ~ 2 o

843 | 40 | Anaircraft made a runway incursion during its landing
» iR due to communication errors.
gt gt Rans BRI BE LA F 4
lg riE o
4 An aircraft crossed a runway hold marking and made
a runway incursion due to communication errors.
d S EE A > AR ey TR gy B2 (8
Gay BACE P H 1 ARITE I 2 A B2 ) o
42 | ATC failed to provide required minimum separations
] between aircrafts (in flight or during takeoff/landing
I with other aircrafts on adjacent runways).
% dEEEmAEHI R g nEF R BEE G B
B2 FRatdr 2 [ 20 g IR 3 o

43

ATC failed to provide required minimum separations
between aircrafts and ground obstacle/terrain due to
communication errors.

TEWIRA
Please turn to the next page.
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[ A ﬂfﬁ“ﬁ.‘? RS
F-os GAFREANREFR AL RL LT F
(" E2F LA A5 5
2% 7 B & Strongly Disagree [ 1# F & Disagree
[ 14 i Neutral [JF & Agree []2-% & R Strongly Agree)

iz TR IR
f* 38
5o 4 “,$ x| R A
- dpg 2% H?’ﬁmz'; > ek v (L gk (Call Sign)$
FARREF g RS -
(m |4- Dynastryl23 & EVA123).
1 . . : _ HEREEEEN
Confusion would occur if there are aircrafts with the
same numbers in the call signs on the same frequency
(e.g. Dynasty123 and EVA123).
oM 2 7 iy B el N5 AR ik
FRBEBREIR > g 2R o
(540 432 22 342)
2 . : : " : HEREEEEN
Confusion would occur if there are aircrafts’s call signs
4 i with the same numbers but in different orders on the
I}
e same frequency (e.g. 432 and 342).
x ﬂ_:v—‘}i;FT{_‘%\‘F% Zﬂ_:y_ﬂ,-l_q_w _E\:iv”‘,l..ﬁi;}iﬁ};#]ﬂa,@m
I s
q_l“‘m &i*ﬁ o glﬂ /vh/’j o
Confusion would occur if there are aircrafts’ call signs
3| cur e S olo|lo
with the same airline designators and similar
numbers on the same frequency (e.g. Dynast254 and
Dynasty255).
AN v AR FT (N ;,fb’}g EA j%;gé A ;\ﬁﬁé#ﬁi
4 | Pilots do not correct me actively when I call histher | [1 | [] | []
flight with the wrong call sign.
- T et (N2 bk B A AR
PR R -
5 | ™5 slii=iis

| do not remind pilots when there is an aircraft with
similar call sign on the same frequency.

TRWRA
Please turn to the next page.
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1) B M2 Bk
2 591 ] .
5 i “ﬁ% T | ® A
1 IFPREFZ EREEIAE € AN DI T fF oo
6 LR SR §O8 F 0|o|o
Amount and difficulty of tasks increase my workload.
B HROHELS F R ¥ 1R K ) § e
10T g g7 oo
1 % | 7 | Adverse conditions (such as severe weather condition, | [ ] | [] | []
e fatigue and/or equipment malfunction) increase my
workload.
AERTI I IRz R E W AN (8 f f7 o
8 u - F - / g ia E‘ F D D D
Frequency congestion increases my workload.
1 IFE R e & BRE o
g A A g BN o Ololo
Increased workload affects communication.
FHERBREZS ML {3 R £
B A €7 peenipdy (Anticipation) -
o |ARREF A E R |o|o|o
If Pilots are familiar with the route, they have their
own anticipation to my instructions.
BREATRIGEFFTR ZRpEBADE
TN Fr A ap oo
el 11| " | OO
§ 1 Pilots hear what they anticipate to hear, not my actual
. clearance.
* N F L FT ARG RAE ERAARNY
%i o
12| . e L1 O] O
Pilots do not request for clarifications, even a
clearance or an instruction I gave was not clear.
ANE R EEPF o AP o
13 R " 0|00

Pilots are complacent when communicating with me.

TE W ’ﬁ 39 ]
Please turn to the next page.
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57 ol B | B
:ft " ACIEIEY
FERBRHE T e g2 Rk o
14 | Communication errors occur when they tune in the HEREEEN
wrong frequency.
w3 FAFL D ABBEIIAT - EEHIE R g2
A grA o
H | 15 . HEpEEEN
Communication errors occur when | neglect to hand
the flight off to the next controller.
FREBB LAt mE s g4 EER A o
16 | Communication errors occur when Pilots missacall | [] | [] | []
from me.
ARTALEPFBER > ¢844 R ga o
17 | Simultaneous transmission would cause | [] | [J | [
communication errors.
iz RRT AL P BEE 53 G iR o
lez% | 18 | Simultaneous transmission easily occurs due to| [ ] | [] | []
congested frequency.
19 AMTEIIH b LT €F 2 EWT L o alolo

Radio interference would cause communication errors.

TEW ’ﬁ 3 ]
Please turn to the next page.
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20

R A R TR
Different accents would result in communication
errors.

21

o AR ETT 3 AR A o
Using non-standard phraseology would result in
communication errors.

Kl

—nl
&

—

)

22

ﬂﬁﬁﬁﬁ%’%?%iﬁﬁgﬁﬁﬁiﬁio
When I give instructions without pause, it would result
in communication errors.

23

ﬂ®§ﬁ€%’%iﬁ%§§$ﬁiﬁio
When | give instructions with high speech rate, it
would result in communication errors.

24

ABEz gl e g B 2P gE S EL
P

When | give more than four instructions at one time, it
would result in communication errors.

TENF RA
Please turn to the next page.
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B RAFAAN (F- WA TR PR S HT A 2 )

(w ¥z AapFmu i it 34 Never [Jix># 4 Few [ 3 4 Sometimes

g2 4 0ften [I¥ % % 2 Always)

3
5

¥ IR

L2

/

¥

&

Iy

o4
“

@

25

BE R RAAGE aFT K dg 4 o
Pilots read back my clearances or instructions
incorrectly.

[]

26

AABELGEERE DR
| didn’t notice nor correct Pilots’ readback errors.

27

WE S Pedlpr > NELE T E R B PR E
It’s difficult for me to correct Pilots’ wrong readbacks
when frequency is congested.

B I gy
woE R

28

BB B G Rl e &gy L

Pilots do not read back my clearances or instructions.

29

BRERG RN g F A% 2ApHcrr e (Ao #
EREEE)ApL (R CBREE e T) o

Pilots do not read back my safety-related clearances
(take off or landings) or instructions (Altitude, speed
or heading).

30

EREFIZpAma G RANGHFT 8454 o
Pilots do not read back ATC’s clearances or
instructions because of their complacency.

31

X B R B2 RANGFT A4 o
Pilots cannot read back my clearances or instructions
because of the frequency congestion.

%=

32

R R I oRE (e A K ILA AT 3T A
LN R R o

Pilots read back correctly, but | fail to notice that the
clearance or instruction are not what | intended to
issue.

33

AABEEEREF D IR L G Bk e
| fail to notice that pilot makes a request that might
contain potential risk.

T F & 7 F3E Please turn to the next page.
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e HF 2R (BF2FFNAFRERL T REHLHUTRE)

=7

(w ¥z AapFmu i it 34 Never [Jix># 4 Few [ 3 4 Sometimes

Clg 2 4 0ften [I¥ % % 2 Always)

Ly
5

¥ IR

&

Iy

o4
“

@

Ty 47

34

d3EE A 0 KR RN T T ETIR R -
Pilots deviated from the altitude assigned by me due
to communication errors.

35

d TR R A > BB RY A T TR
Pilots deviated from the heading assigned by me due
to communication errors.

36

R R RN N Y SR i
e o T S IR & o

Pilots deviated from the altitude or heading assigned
by me and lost standard separation with other
aircrafts due to communication errors.

s
B
* 4

37

BN EE A R A FERARARET L @
WerF v gt;}% Lo

Pilots took the clearance or instruction that was for
another aircraft due to communication errors.

38

dOTEEERA o RAEE T A g 4 T R T e
| issued a clearance or an instruction to the wrong
aircraft due to communication errors.

TEWIRA
Please turn to the next page.
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bR

1%
R

39

d SMEM g A o Ay BONACHPEF A paE ~ o
An aircraft made a runway incursion during its takeoff
due to communication errors.

40

b EE A o @Ay BN IEE A A~ & o
An aircraft made a runway incursion during its landing
due to communication errors.

41

B A o RART BA NI B2 A F 2 e
lg riE o

An aircraft crossed a runway hold marking and made
a runway incursion due to communication errors.

E#
R
T4

42

dEE A > ATk R g B2 BF(8 F
FRACERSHE L ORITEIAE 2 Ay B2 ) 0 1R

Lz B G AR 2 2 BIRAE -

| failed to provide required minimum separation
between aircrafts (in flight or during takeoff/landing
with other aircrafts on adjacent runways).

43

dEE A N g TR Sy BEE B A RER
P2 B2 B IR AR o
| failed to provide required minimum separation
between aircrafts and ground obstacle/terrain due to
communication errors.
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Appendix I1-Formal Questionnaire

WEBRRA: BB R AL RARPENEE: (ERERFY)

Communication Errors between Pilots and Air Traffic Controllers
Questionnaire (For pilots)

S
GE- M TR EERRA R W IR R A AR 2R
ZEHLRE B A PARER L o LOEFREF AR LS
HEE O RREH AN - EL 1 EETTV 0 B ARG HES -
SRTY ks TR S TREHA,  HPETSHERA e Ry
FIR 2 B R o RAERRED -
[ 8 1 e

Dear respondents,

This is a questionnaire about “Pilots-Air Traffic Controllers Communication
Errors and Aviation occurrences” which is anonymous. The success of the survey
depends on your contribution. There are no right or wrong answers, and please
answer all questions from your perspectives with intuition. The questions
including “communication” or “communication errors” are all limited to the
voice communication between pilots and air traffic controllers (ATC). Thank you
for your time

Individual responses are absolutely confidential

Radr A8 R §mp s mdsr
TR e %GR '
A Loy
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$1T R RE(F 1~25 4F) -

FapEogE ENRLERLRAZ FHEE)-

Please answer the following questions according to your level of agreement (check one
only).

1. Strongly Disagree
2. Disagree

3. Neutral

4. Agree

5. Strongly Agree

W
"

F e

o T

W
\

g

i = S

N s o

w

&

o

- 42 A ey B £ g (Call Sign)det 4 k&
F > ¢ 1% R (54 Dynasty123 and EVA123) -

Confusion would occur if there are aircraft with the same
number in the call signs on the same frequency (e.g.
Dynasty123 and EVA123).

- ﬁﬁFfﬂkﬁfﬁ’?@%%éwkkiaﬁﬁl
oo i =R (b4 432 &2 342) -

Confusion would occur if there are aircraft’s call signs with the
same numbers but in different orders on the same frequency
(e.g. 432 and 342)

-5t 22 iz B Friid) phing o7 2 e
Bl F 4p oo g ¥ = ' % (%] 4 Dynasty254 and
Dynasty255) -

Confusion would occur if there are aircraft’s call signs with the
same airline designators and similar numbers on the same
frequency (e.g. Dynasty254 and Dynasty255).

FAIR e T g 0 A A fHRd
I do not correct the ATC actively when he/she calls me with the
wrong call sign.

RS G oAp e R g BRE o B AR ARAES -
ATC does not remind me when there is an aircraft with similar
call sign on the same frequency.

VP2 IR HEER R AN T IF] jo o
Amount and difficulty of tasks increase my workload.
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NS
\

1. Strongly Disagree ¥ 2t
. 2. Disagree 2|7 | & ¥
%’fb 3 Neutral F\?' P\»:' I,E P\»:' P\—:'
4, Agree Tg. l,% g l,% Tg.
5. Strongly Agree
VA 1. (2 |3 |4 |5
EFROHZI R F R F M2 K h) § 4o iF
AV
7 ' " "y _ OO oy o)
Adverse conditions (such as severe weather condition, fatigue
and/or equipment malfunction) increase my workload.
BT F P2 R g W e N (R o
8 TR R F ololo|o|o
Frequency congestion increases my workload.
1 Ef e A § R o
9 TR » Olo|o|o|o
Increased workload affects communication.
FAREZIHRGF LU HWEHIRadn s g7 84 p 2
e3g #7 (Anticipation) o
10 o . | § S OO oy o)
If I am familiar with the route, I will have anticipation to ATC
instructions.
RATEI|ARF T AEF N R p AR ASES > T 2g 4
FE*7 O75f H o
11 - HEREEREEREERE
| hear what | anticipate to hear, not the ATC’s actual
clearance.
BHIRAAT 2377 & dp 4 F AP > A AR5 -
12 | 1 do not request the ATC for clarifications, even a clearance or | [ ] | [L] | [L] | L] | [
an instruction is not clear.
Mg IR AP AR e
13 | T FTR uli=li=li=ll=
I’'m complacent when communicating with ATC.
BAGL Y ENE O BFOUES > g A EW A o
14 | Communication errors occur when | tune in the wrong HERERERREAEE
frequency.
FEMR AR ARALH T - mFHERE £ EU
P& o
15 HREER RN

Communication errors occur when ATC neglects to hand me
off to the next controller.
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NS
\

1. Strongly Disagree ¥ 2t

. 2. Disagree 2|7 | & ¥

W 3. Neutral el E R

4, Agree Tg. l,% g l,% Tg.
5. Strongly Agree 213 lals

16 %f‘&ﬂ%_%‘ﬂﬁ ched vl pE g&fe‘_;‘%sﬁ&m o olololalg
Communication errors occur when | miss a call from ATC.

17 éﬁﬁ;‘::ﬂ\,mﬁ@ifﬁ i Jea: LR - olololalg
Simultaneous transmission would cause communication errors.
ARTALPFBET L FL G0 T o

18 | Simultaneous transmission easily occurs due to congested | [ ] | [] | L] | L] | [
frequency.

19 ﬁ@éﬁf’]—,ﬂf*ﬂ'ﬂ%ﬁia‘%%’ ngi:iiﬁ.m&\ o alolololo
Radio interference would cause communication errors.

g | DB AHIELMA S Y olo|lolo|o
Different accents would result in communication errors.

i LR € SRR A o

21 | Using non-standard  phraseology would result in| ]| ]| ]| L] L]
communication errors.

FAHIRBE g4 Fodkl e rElma o

22 | ATC issuing instructions without pause would result in | (] | (] || I | [
communication errors.

FAIR BEip 4P FRE g EE A

23 | ATC issuing instructions with high speech rate would resultin | [ | [ | [ | [ | ]
communication errors.

FAHRBE2 44 5o e B 2P > g3
4

24 ATC issuing more than four instructions at one time would e e

result in communication errors.
FHREFFpPEES kT ST o
25 | ATC frequently modifying the instructions during ashorttime | [ | [] | [ | ]| []

would result in communication errors.

153




M RRE(F 26-3447) 0 kg B ehg ik o SPRUT &AL
BE2ERESE)

Please answer the following questions according to the frequency from your
perspective (check one only).

FAREF > 1€k

1. Never A R R
- 2. Few LR F ¥
‘ 3. Sometimes qR R | R | w
" 4. Often AN EEE
5. Always 1. 12 |3 |4 |5
g | [ MRS WA HLAT T S ¢ 0|o|o|o|o
I read back ATC’s clearances or instructions incorrectly.
gy | FHAARELG LA DRSS - Olo|olo|o
ATC neither notice nor correct my readback error.
A AR o H R B A PR 4
28 | My wrong readbacks are difficult to be corrected by ATCwhen | [] | [] | ]| L] | L]
frequency is congested.
A L’*‘ ’3?# ﬁm$“‘\«;}‘ﬂq
29 | do not read back ATC’s clearances or instructions. byd by
PG RAE AR TR R AN AT (e R
20 ;n)*#ﬁ (BR~ERZ S ) o Ololololo
I do not read back ATC’s safety-related clearances (take off or
landings) or instructions (Altitude, speed or heading).
NG pka Ry RAEHIRORFT g4 e
31 | Ido not read back ATC’s clearances or instructions because of | [ ] | [] | ]| [] | []
my complacency.
W e A mi R R AR v a4 o
32 | I cannot read back ATC’s clearances or instructions becauseof | [ ] | [ | ]| ]| []
the frequency congestion.
ARFA LR LRI R AFRE TG LT S dp 42t H
33 | read back correctly but ATC fails to notice that the clearances bbby b
or instructions are not those he/she intended to issue.
FAIR AT A D ag L5 Bk ke
34 | ATC fails to notice that | make a request that might contain | [ | [[] | [ | [] | [

potential risk.
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Pz

1. Never

2. Few

3. Sometimes
4. Often

5. Always

P

FAS
5

35

BN A > AhBETR REEAIA 24p 7 A2 R
| deviated from ATC assigned altitude due to communication
errors.

36

gt R g A o A dhiaThue 2R IR 2 g A 2 b
| deviated from ATC assigned heading due to communication
errors.

37

BRI ARSI RS BRI 2 A2
WL TiE N IR 3EA & o

| deviated from ATC assigned altitude or heading and lost
standard separation with other aircraft due to communication
errors.

38

dONEEE A 0 AR A A S B T A gy
L o

I took the ATC’s clearance or instruction that was for another
aircraft due to communication errors.

39

dONEE A > AR FEFT N p 4 S HF T -
ATC issued a clearance or an instruction to the wrong aircraft
due to communication errors.

40

d 3 Ed g o ey Byt Ac gt pag » & o
An aircraft made a runway incursion during its takeoff due to
communication errors.

41

d B > R BT A E &
An aircraft made a runway incursion during its landing due to
communication errors.

42

d N Ed g Ry BRNBE REANF A~ Eo
An aircraft crossed a runway hold marking and made a runway
incursion due to communication errors.
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1. Never ol | s ¥

z 2. Few FLE || ¥
ji 3. Sometimes ’: ’: ’1 ’: %f‘
4. Often A I T I

5. Always 1. 12 |3 |4 |5

d S EE A F R endg TR R ey B2 B (8 R
ActE A ARIT RS 2 dy B2 )L B MR o

43 | ATC failed to provide required minimum separation between | [1 | [] | [] | [] | []
aircraft (in flight or during takeoff/landing with other aircraft
on adjacent runways).

d R A o AR g T EF g BE Y 6 A REP
22 B TR o

44 | ATC failed to provide required minimum separation between | [ 1| []| ]| ]| []
aircraft and ground obstacle/terrain due to communication
errors.

£ 3§ & > F# Background Information
1. Eehits] Gender - []F 1+ Male ; [ ]* 1 Female o

2. EenEds Age [ J21-25; [ ]26-30; [ ]31-35; [ 136-40 ; [ ]41-45; [ ]46-50 ; [ ]50-
55 ; [ ]56-60 ; [ ]>61 -
3. &= 4 Nationality : []# # % § Taiwan, ROC ; []# # Others °

4. [&enme] Professional Status @[] 214 & Management ; [ J#& %~ s ¥f+ CPIP ; [z
#WEF CA 5 [Jicsni 7 RP 5 &%+ FO ; [J# # Others

5. e # F Flight Training Background :
[]& s % Military 5 []p 3" CPL/APTL ; [ ] 2" Company Training ;
[J# # Others o

6. 1 ¥# F Years Experiences : [ J<5 # (years) ; [ ]5-10 & (years) ;
[ ]11-15 =& (years) ; [ ]16-20 & (years) ; [ >20 -+ (years) -

FORMENPIRT RS LRI HE  RERFTZ -
Thank you for taking the time to complete the questionnaire. Happy landing.
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R BERA: U HEALRAREREEL (FHERY)

Communication Errors between Pilots and Air Traffic Controllers
Questionnaire (For air traffic controllers)

MBS B

-G M TR BERA 2 BRI AR 2 T 2R
ZHFEF I 2FE T - RABLEEE c B FRPELEN LS
HPEF G RREHLENF-ERIEFFTY o FREM HEE o
Erame ez TRE | & TRaE M4 » A dy S 9 R A8 #oy
FIR 2 B enr i o R#iERTER -
BT R BB HED

Dear respondents,

This is a questionnaire about “Pilots-Air Traffic Controllers Communication
Errors and Aviation occurrences” which is anonymous. The success of the survey
depends on your contribution. There are no right or wrong answers, and please
answer all questions from your perspectives with intuition. The questions including
“communication” or “communication errors” are all limited to the voice
communication between pilots and air traffic controllers (ATC). Thank you for
your time.

Individual responses are absolutely confidential

Rz S8 Ll gupqg opds
i EEEE %3 B 7L
A B 7 it
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$1T R RE(F 1~25 4F) -

ﬁ.fﬁ%kﬁ;ﬁq—%—;‘é CENPEERRAAARZFER(HEE)

Please answer the following questions according to your level of agreement (check one
only).

1. Strongly Disagree
2. Disagree

3. Neutral

4. Agree

5. Strongly Agree

W
"

F e

o T

W
\

g

i = S

N s o

w

&

o

- 485 2 7 Ay B % E(Call Sign)fet 48 ki
F o g~ R4 (»4c Dynastryl23 g2 EVAIL23) -
Confusion would occur if there are aircraft with the same
numbers in the call signs on the same frequency (e.g.
Dynasty123 and EVA123).

B LR T L T )
oo i =R (b4 432 &2 342) -

Confusion would occur if there are aircraft’s call signs with the
same numbers but in different orders on the same frequency
(e.g. 432 and 342).

o3 P22 Rz B B PRRE QP2
PLindeF dp iy > € i 2R A o (4 Dynast254 and
Dynasty255) -

Confusion would occur if there are aircraft’s call signs with the
same airline designators and similar numbers on the same
frequency (e.g. Dynast254 and Dynasty255).

EN tﬁ'cqﬁﬁjimi'%ﬁjﬁ A fﬁ;ﬁ ﬁ #‘ﬁ‘hﬁ‘-#ﬁﬁ °
Pilots do not correct me actively when | call his/her flight with
the wrong call sign.

B - b ARt s by BRE O A ARPEERE o
| do not remind pilots when there is an aircraft with similar call
sign on the same frequency.

1 EREZ EAAEHER €W AN DT 7 oo
Amount and difficulty of tasks increase my workload.
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NS
\

1. Strongly Disagree ¥ 2t
. 2. Disagree 2|7 | & ¥
%’fb 3 Neutral F\?' P\»:' I,E P\»:' P\—:'
4, Agree Tg. l,% g l,% Tg.
5. Strongly Agree
YAl 1. (2 |3 |4 |5
EFROpZI R F R F M2 K H xhh) § H 4o iF
AV
7 . . Ooo|g|-d
Adverse conditions (such as severe weather condition, fatigue
and/or equipment malfunction) increase my workload.
BT PR R E R A A1 (R e
8 TR R F ololo|o|o
Frequency congestion increases my workload.
1UER R 4 € B A o
9 T R . Olo|olo|o
Increased workload affects communication.
FERABEZTUF 20U - {0 nadg £ 0 FRA §
D 5 R
p & enig #p (Anticipation) o
0|'° - : O|o|0|o|d
If Pilots are familiar with the route, they have their own
anticipation to my instructions.
ERAERINGEFTFTRNZ R NEBAYY > LR
FE*7 O75f H o
11 . g HEREEREEREERE
Pilots hear what they anticipate to hear, not my actual
clearance.
A HE 2 FT AL RARFE > BRA AR TR -
12 | Pilots do not request for clarifications, even a clearanceoran | [] | [L] | L] | L] | [
instruction | gave was not clear.
ANE R EEPF > PR P o
3 | 2 HERH O|0|0|0|0O
Pilots are complacent when communicating with me.
FPERBEE O GFES o g HE L o
14 | Communication errors occur when they tune in the wrong HERERERREAEE
frequency.
BAELL A AREFTIL T - IR g A EE e
4
15 HREER RN

Communication errors occur when | neglect to hand the flight
off to the next controller.
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\

1. Strongly Disagree ¥ 2t

. 2. Disagree 2|7 | & ¥

W 3. Neutral el E R

4, Agree Tg. l,% g l,% Tg.
5. Strongly Agree L2 |3 £

16 (s ﬁ_&“_is A s el g g%fi_;iswﬁ ° alolololo
Communication errors occur when Pilots miss a call from me.

17 %ﬁ?ﬂik%@%%’gﬁiﬁiﬁio- | Slolololo
Simultaneous transmission would cause communication errors.
ARTALPFBET L FL G0 T o

18 | Simultaneous transmission easily occurs due to congested | [ ] | [] | L] | L] | [
frequency.

19 ﬁéﬂ?ﬁxf]—ﬂw L IR g@"i;‘iii.ﬁ:% o alolololo
Radio interference would cause communication errors.

g | D F AEFELSME 2 H olo|lolo|o
Different accents would result in communication errors.

i LR € SRR A o

21 | Using non-standard  phraseology would result in| ]| ]| ]| L] L]
communication errors.

NBE L FoA L B EFIELMA o

22 | When 1 issue instructions without pause, it would result in | [ | ]| ]| ]| L]
communication errors.

NBE L FREEEESELIA -

23 | When I issue instructions with high speech rate, itwould result | [ | [ | [ | ]| ]
in communication errors.

ABEz g b e g B 2R 0 g3 FEERA o

24 | When | issue more than four instructions at one time, itwould | [ 1 | [] | [ | ]| []
result in communication errors.

MEREF PR i 0 g S AL A o
25 | My frequent modification of the instructions during a short | [] | (]| [ | [ | [

time would result in communication errors.
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LT R sg(a: 26~44 E) » A1

/é Q-'-i:]’l"ﬁ:c‘l’v‘]d"f

BELERESE)
Please answer the following questions according to the frequency from your
perspective (check one only).

FAHEF > 18

1. Never RIS S
2. Few LR ¥
’g‘g - FAY FAY FAS FAY FAS
3. Sometimes R | F | % | %
o 4. Often A ENAESENE
5. Always 1. 12 |3 |4 |5
W OB ARl i A H T AL o
26 5; R4 3 B -E 2 - - Ololololo
Pilots read back my clearances or instructions incorrectly.
AABRFI B ERE DR
g7 |FAFREBES ! e niinliniiniin
| didn’t notice nor correct Pilots’ readback errors.
I AR AR SRR i AR
28 | It’s difficult for me to correct Pilots’ wrong readbacks when | (] | (] | (1 | [ | [
frequency is congested.
ERE LT RaAaNagre 84,4 o
20 | % R B =" 000|000
Pilots do not read back my clearances or instructions.
BRRALG RA N A 24 M v (Ao 2 "8 %
F)Ep L (BACERE Fuw 3) o
0| O0O|o|d
Pilots do not read back my safety-related clearances (take off
or landings) or instructions (Altitude, speed or heading).
BREFIZpAA G RANGFT 8454 o
31 | Pilots do not read back ATC’s clearances or instructions | [ ] | [ 1| ]| ]| []
because of their complacency.
WP ERA 2 RN GFT A s o
32 | Pilots cannot read back my clearances or instructions because | [] | [ | [] | ]| []
of the frequency congestion.
BRE RA L R RPFRAAFGLFT 4 £ 2R
g | TR olo|o|o|o
Pilots read back correctly, but I fail to notice that the clearance
or instruction are not what | intended to issue.
AABZERREF DR L G BAR G -
34 | | fail to notice that Pilot makes a request that might contain | [] | [] | [ | ] | [

potential risk.
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Pz

1. Never

2. Few

3. Sometimes
4. Often

5. Always

o~

FAS
5

35

dAEE A 0 BB RPN T T SHTIR R -
Pilots deviated from the altitude assigned by me due to
communication errors.

36

4N EEFEA 0 KR B Ay 7 hisThue o
Pilots deviated from the heading assigned by me due to
communication errors.

37

d R ER A 0 B R R AL rdy T LR R 2 e
TiE S IR B

Pilots deviated from the altitude or heading assigned by me
and lost standard separation with other aircraft due to
communication errors.

38

D3 EE A > BREAE AR AR LH 8 T8 anF
Fdp s oo

Pilots took the clearance or instruction that was for another
aircraft due to communication errors.

39

d SR ERA 0 NSEH T N dg £ 3R T o
| issued a clearance or an instruction to the wrong aircraft due
to communication errors.

40

d 3 Ed A o ey B3 Ac g dpag ~ & o
An aircraft made a runway incursion during its takeoff due to
communication errors.

41

d 3 Ed A o ey BN E g A pag ~ & o
An aircraft made a runway incursion during its landing due to
communication errors.

42

d M Ed Aoy Bl M g A pagE ~ &
An aircraft crossed a runway hold marking and made a runway
incursion due to communication errors.
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1. Never 7T ¥
- 2. Few TR R ¥
:i 3. Sometimes ;: ;: ]‘4 ;: ]’f“
4. Often |l = 1=1=1=
5. Always 1. 12 |3 |4 |5
d g A oA g R F g B2 B (8 3 g B
prer H s ARiTEa g 2 Ay B2 )2 B IR g
43 | | failed to provide required minimum separation between | [ ] | [] | ]| ]| []
aircraft (in flight or during takeoff/landing with other aircraft
on adjacent runways).
d g A > Aadp TR R ey R G AR T
2o B PR3 o
44 | | failed to provide required minimum separation between | [ 1| [ ]| ]| ]| []

aircraft and ground obstacle/terrain due to communication
errors.

23 —‘F‘f A & F 4 Background Information

1. Eehitw] Gender : ]9+ Male; [ ]* 1+ Female

2. [GenEds Age : [[]21-25 5 []26-30 ; []31-35 5 [ ]36-40 ; []41-45;
[ 146-50 ; [ ]51-55; [ ]56-60 ; [ ]>61 ; -

3. K& mﬁ%\: | Professional Status : [ ¥ = g 418 s I8 E£# F#18 >
[VE&sa f) s DJp ek s LR & °

4. 1 i¥# 3 Years Experiences : [ ]<10 years ; [ ]10-15 years ; [ ]16-20 years ;

[>20 years

(UG PR
This is the end of the questionnaire.
AFRFEDF IR TSP GEE > REL T~ FF 40 o
Thank you for taking the time to complete the questionnaire.

Your participation is appreciated.
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Appendix I11- Correlation Analysis

1. Correlation analysis of the factors contributed to communication errors (Pilots)

Correlations

Linguistic Pilot SimilarCall Frequency
Workload Factor Expectation Sign Change
Workload Pearson Correlation 1 364" -.188° 2817 352"
Sig. (2-tailed) 000 013 000 000
N 173 173 173 173 173
LinguisticFactor Pearson Correlation 364" 1 -014 354" 4027
Sig. (2-tailed) .000 .851 .000 .000
N 173 173 173 173 173
PilotExpectation Pearson Correlation -.188" -014 1 -160" -.057
Sig. (2-tailed) 013 851 036 459
N 173 173 173 173 173
SimilarCallSign Pearson Correlation 2817 354" -160° 1 344"
Sig. (2-tailed) .000 .000 .036 .000
N 173 173 173 173 173
FrequencyChange Pearson Correlation 352" 402" -057 344" 1
Sig. (2-tailed) 000 000 459 000
N 173 173 173 173 173

** Correlation is significant atthe 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

2. Correlation analysis of the factors contributed to communication errors (Controllers)

Correlations

Linguistic Pilot SimilarCall Frequency
Workload Factor Expectation Sign Change
Workload Pearson Correlation 1 298" 169 512" 214°
Sig. (2-tailed) .001 076 .000 .023
N 112 112 112 112 112
LinguisticFactor Pearson Correlation 298" 1 278" 347" 240°
Sig. (2-tailed) 001 003 000 011
N 112 112 112 112 112
PilotExpectation Pearson Correlation 169 278" 1 2817 041
Sig. (2-tailed) 076 003 003 667
N 112 112 112 112 112
SimilarCallSign Pearson Correlation 5127 347" 281" 1 170
Sig. (2-tailed) .000 .000 .003 .072
N 112 112 112 112 112
FrequencyChange  Pearson Correlation 214 240 041 170 1
Sig. (2-tailed) 023 011 667 072
N 112 112 112 112 112

**_Correlation is significant atthe 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Correlations

3. Correlation analysis of communication errors (Pilots)

Readbackand
Hearback NoPilot
Error Readback
ReadbackandHearback Pearson Correlation 1 3117
E
fror Sig. (2-tailed) 000
N 173 173
NoPilotReadback Pearson Correlation 3117 1
Sig. (2-tailed) 000
N 173 173
**, Correlation is significant at the 0.01 level (2-tailed).
4. Correlation analysis of communication errors (Controllers)
Correlations
Readbackand
Hearback NoPilot
Error Readback
ReadbackandHearback Pearson Correlation 1 541"
Error
Sig. (2-tailed) 000
N 112 112
NoPilotReadback Pearson Correlation 5417 1
Sig. (2-tailed) 000
N 112 112

**. Correlation is significant at the 0.01 level (2-tailed).
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