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Abstract: Communication and trust are fundamental factors in the operation of complex and highly
regulated industries like aviation maintenance. This article reviews two preconditions of human
error: communication and trust, as well as the way these are linked as aviation researchers have
only recently started to study factors not individually, but rather by combining their effects.
Communication is essential in the exchange of information and knowledge in aviation maintenance.
The conditions that make communication effective and miscommunication avoidable are explored.
Next, ways of communication, like aircraft maintenance documentation, are discussed along with
appreciation of how communication is valued in aviation maintenance. Trust within different
aspects of maintenance practice (interpersonal trust, trust towards technology, initial levels of trust)
is presented and analysed, as well as examined as a prerequisite of effective communication. The
characteristics of trust, its forms and results are identified in the literature with limited sources from
the aviation bibliography, as it is a domain barely explored. Therefore, a gap has been identified in
the study of trust and the exploration of the combined traits of communication and trust in aviation
maintenance. Recommendations for additional research in this field is provided.
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1. Introduction

To err is within human nature. However, it is primarily over the last 50 years that human error
has become a field of scientific research, as errors started to have a great global impact in the economy,
health, environment and communities. In the US alone, from over $300 billion spent on maintenance
and operations every year, 80% was spent repairing damage caused by human error in equipment,
systems and dealing with harm caused to people [1,2]. In 2014 alone, there were 648 fatalities in 14
fatal accidents caused by human error. This number was 1.5% higher than the previous 10 years
average. This increase was the result of larger airplanes, with larger passenger capacity which has
led to an increase of fatalities in the occurrence of an accident [3], therefore, since human error led to
higher numbers of human loss, there is a necessity within the aviation community to address this
issue even more urgently.

A greater understanding of human factors became imperative within aviation, and a large
number of models and systems have been introduced and implemented in the continuous attempt to
predict and reduce human error. In aviation maintenance, there are twelve principal preconditions
or conditions that contribute to human errors, widely known as the Dupont’s Dirty Dozen [4-9]. These
elements (shown in Figure 1) are dissimilar in nature and appear either on personal, group or
organizational performance levels [10].
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The Dirty Dozen is still used in training, accident, and human error analysis in aviation
maintenance worldwide [4,5,7,8,11]. These 12 factors are of a different nature and quantifiability,
nevertheless each one of them represents a precondition/condition to failure in the user’s judgement
and as such they are treated either individually or in groups of similar items [8]. As shown in Figure
1 lack of communication is among these 12 most frequent conditions/preconditions of human error.

Researchers still investigate elements similar to the ones of the Dirty Dozen, but also consider
mutual interactions. As a most recent example, the Joint Research Program in the European Union
(EU) ‘Future Sky Safety’, aims to study the concept of the Human Performance Envelope (HPE) in
aviation. This research is investigating the interactions between nine human factors (stress, attention,
situation awareness (SA), vigilance, teamwork, workload, communication, trust, fatigue) and the
pilot’s human performance, how they work individually or in combination, and how they affect or
decline human performance [12].

Communication has been indicated by past research to have a strong association with trust [13].
Trust is an important element in human social life and therefore, has been researched extensively in
the past by many different disciplines of science such as marketing, psychology, sociology, political
science, economics, etc. [14]. Many researchers agree that trust is a very important element in
employees’ relations and it is associated with the quality of their communication [15-22]. Trust is
under-investigated in aviation [19] and its association with communication is an unexplored area,
especially in aviation maintenance.

Figure 1. The Dirty Dozen [16].

2. Basic Communication Theory

Communication is a field of study that is of interest for many disciplines, such as marketing or
computer science. Communication is a process that everyone uses in their everyday life. However,
defining communication has proven to be challenging. There have been many definitions of
communication in textbooks and different approaches through the years since Shannon and Weaver
[23] saw communication as the transmission of messages [24].

There are various definitions of communication depending on the different approaches and
discipline of each researcher. In some definitions there is emphasis on the significance of symbols, as
in “the transmission of information, ideas, emotions and skills...by the use of symbols” (Page 527 in
[25]), while others examine communication as a product, e.g., “We use the word ‘communication’
sometimes to refer to what is so transferred, sometimes to the means by which it is transferred,
sometimes to the whole process” (Page 13 in [26]). In the study of communication there are two main
streams. One stream considers communication as the transmission of messages and the other as the
production and exchange of meaning [24].
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At the transmission of the message stream, the member that sends the message is the sender, and
the one who accepts it is the receiver. Communication, to be effective, must be an active process
where both the sender and the receiver/s assure that the intended objectives are met. To achieve that,
both the coding and the decoding process of the message along with the channel and/or medium of
communication, are very important to success. If the result is not the anticipated, then the
communication process is characterized as failed and the communication steps are investigated to
identify the causes of this failure [24]. The second stream, the production and exchange of meanings deals
with the interaction between messages and people and the meaning that comes out of this interaction.
In this stream, connotation is a term that is usually met. Additionally, misunderstandings, besides
being a result of failure in communication, may occur due to cultural differences between the sender
and the receiver [24].

According to Schramm [27] important elements that should be added to the communication
process are the sender’s and receiver’s experiences. The mode of communication chosen should be
the appropriate one to meet the circumstances of both the sender and the receiver. The sender
proceeds with the message coding based on his/her experience while the receiver understands the
message by connecting it to his/her prior knowledge/cognitive level. Then the sender needs to ensure
that the message has been transmitted correctly by evaluating the receiver’s feedback [27] as shown
in Figure 2.
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Figure 2. Schramm’s [18] communication model with feedback.

To understand the communication theories fully the definitions of the terms: channel, code, and
medium are necessary. Channel is the means through which information flows [28]. Examples of
channels are: light waves, sound waves, radio waves. Medium is the material or mechanical way of
transforming the message into a signal capable of being passed on along the channel. Coding is the
sharing of mutual meaning between members of the same culture [24].

The basic features of the chosen channel determine the nature of the medium that will be
selected. Next, this medium will determine the characteristics and the range of the codes that will be
used to transmit the message. Fiske [24] further suggests that media can be divided into three
categories as shown in Figure 3:

a. The presentational media. The body language, the oral speech, the facial expressions are
providing communication. This requires the physical presence of the communicator as he/she is
the medium and communication happens in real-time.

b.  The representational media. Any medium that represents the above by the production of a text,
picture, painting, piece of art. These media do not require the presence of the communicator as
they can act independently.

¢.  The mechanical media. These media utilize technologically developed channels; therefore, they
are transmitters of the presentation and representation media. Examples are: radio, television,
computers, and telephones.
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Figure 3. Concept map of communication media.

Given that communication is effective and complete it can a) be beneficial to staff’s interpersonal
and group relationships; b) guarantee that attitudes and expectations will be clear with no hidden
agendas; c) retain focus on the task and situational awareness; and d) act as a managing tool [29].

2.1. Miscommunication

To understand and define communication, researchers needed to clarify miscommunication as
well. Communication and miscommunication are strongly interrelated, and they present a difficulty
in investigating them separately. Miscommunication is treated as a kind of communication with its
own distinct patterns and characteristics [30]. In this context miscommunication can be defined as
“the dark side of interpersonal communication’ [31] not being too far from its standard meaning of
missing, flawed, and disrupted rules of communication [32].

Furthermore, miscommunication includes ‘mismatching interpretation’ and distortion of
message [30]. This definition also includes the potential cultural differences between the sender and
the receiver which are responsible for possible alternative interpretative models. Miscommunication,
in the condition that if it is noticed and attempted to be repaired, has positive outcome to the
communication process as well as it provides a chance for further interaction between the
communicators. Miscommunication has been included in several communication theories, e.g.,
Shannon and Weaver [23], through the years as a deviation or a disruption, either important or less
important, at any stage of the communication process [30].

In the aircraft maintenance environment, a model of communication fault was developed by
Shukri, Millar, Gratton and Garner [33] that was inspired by Cushing’s [34] detailed overview of
communication failures between pilot and a traffic controller. In this model there are six message
characterisations: “a) A message that is unavailable; b) A message that is available but incomplete; c)
A message that is available, complete but incorrect; d) A message that is available, complete, correct
but not clear; e) A message that is available, complete, correct, clear but not understood; and f) A
message that is available, complete, correct, clear, understood but mistakes still happen due to human
factors” [33].

From this model, it is evident that even if the message is free from all the failure prone factors,
there is still the possibility of mistakes. Subsequently, all the specialists” efforts lead to the direction
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of the elimination of the known or predictable factors that can lead to fault and the constant attempt
to identify and eliminate the uncharted ones. Therefore, in the case that communication for one or
more reasons does not result in the correct exchange of the message, the beneficial effects are not fully
realised.

The contribution of communication to the occurrence of human errors has been recorded in
various reports. Human error can be tagged as ‘the human causal factor associated with aviation
accidents’ [35] or ‘the failure of planned actions to achieve their desired ends—without the
intervention of some unforeseeable events’ [2]. A study commissioned by the Dutch Aerospace
Research Centre (NLR), identified various contributory factors to aircraft accidents, incidents, and
errors. In seven ground service providers in the Netherlands both management and operational
personnel named the ten most frequent factors that are involved in the cause of mistakes on the ramp
(see Figure 4). Poor communication is the second most prevalent factor on that list [36].

Ineffective communication is a precondition for human error in all highly complex and regulated
industries worldwide [34]. Extended research in aviation has shown that human factors cause 70—
80% of aviation incidents and 15-20% of them relate to maintenance procedures [37,38]. The aviation
sector was the first to identify that the implementation of standardised procedures has contributed
to safety and teamwork efficiency, following the realisation that 70% of commercial flight accidents
were caused due to communication errors between crew members [39].

Another large study in the aviation industry found that 70% of all accidents were caused due to
crew coordination and communication issues [40]. These findings are supported by Wiegmann and
Shappell [41] and Yacavone, [42] as they have recognized crew coordination to be a major
contributing factor in military aviation (as cited by Wiegmann and Shappell, [43]). Failed
communication has also been reported to be among the most frequent local factor in airworthiness
events along with tools and equipment, perceived pressure or haste, environment and knowledge,
skill, and experience [44]. As a comparison, in railway maintenance, it has been shown that 92% of
incidents occurred due to communication failures [44,45]. In the healthcare industry communication
is an extremely common element prone to flaws as well [39]. Subsequently, healthcare also had the
need for standardization of the communication tools due to its complexity, the limitations of the
human performance, and the different training among the medical professionals. For that purpose,
tools like SBAR (Situation, Background, Assessment, and Recommendation) were introduced for all
medical personnel as a means to establish common terminology and methodology to avoid
communication failures [39].

In Figure 4 it is indicated that the management’s awareness is at higher levels than the line
personnel’s, suggesting that the administration has recognised these factors to be preconditions of
human errors. The European Commercial Aviation Safety Team (ECAST) has acknowledged the
awareness of the potential risk of ineffective communication as a human factor and that further
research is necessary towards that direction [36]. Moreover, various researchers have highlighted the
problem of ineffective communication between maintenance staff, cabin crew, and flight crew,
proposing different ways to mitigate this issue [46,47]. It is evident from the above that
communication is a very important element within complex industries like aviation.



Aerospace 2019, 6, 66 6 of 19

Contributing factors

Personal factors _:,—’_'_‘
Communication ﬁ'—_ﬁ
Equipment/tools/safety equipment ﬂ

Environment/facilities/ramp —:\-'—_'_'

Mifrmetion ﬁ'ﬂ

Organisational factors —:_r'f_'

Technical know ledge/skills —’5‘74

Leadership/supervision —:'—_J_'

Jobtask —::'_‘
Aircraft design/configuration/parts —E'_‘

Never Seldom Occasionally Often Always

Factor

F
PANAnGY @ Management

m Operational personnel

Figure 4. the most frequent causal factors involved in mistakes on the ramp [36].

An example, in which maintenance communication was involved in an airplane accident, is the
Atlantic Southeast Airlines flight 529 in August 1995. The aircraft crashed in Georgia, USA, during
an emergency landing, after the loss of a propeller blade, resulting in 9 fatalities and 20 injuries. The
National Transportation Safety Board (NTSB) determined that “the probable cause of this accident
was the in-flight fatigue fracture and separation of a propeller blade resulting in distortion of the left
engine nacelle, causing excessive drag, loss of wing lift, and reduced directional control of the
airplane. The fracture was caused by a fatigue crack from multiple corrosion pits that were not
discovered by Hamilton Standard because of inadequate and ineffective corporate inspection and
repair techniques, training, documentation, and communications.” [48]. The NTSB in this report
highlighted as a contributing factor the internal inadequate communication and documentation
systems of the airplane parts’ manufacturer that led maintenance personnel to confusion and faulty
procedures.

Even though aviation was the first industry to regulate and implement human factors policies
and guidelines, the need for further research and procedural improvement is continuous and
arduous. In the occurrence of any new procedure introduced, new research over the possible reasons
for failure of the system or its human element towards its failure must be conducted. Moreover, the
continuous effort to make communication in aviation effective has led to the observation and
understanding of all aspects of human expressions. Different modes of expression, such as politeness
[49], are under review by human factors specialists, in their attempt to promote clarity and minimize
miscommunication at all levels.

2.2. Areas in Aviation Maintenance Prone to Communication Failure

In aviation maintenance one critical aspect is documentation. The most common reason for
accidents in aviation maintenance is insufficient documentation and procedures [50-52]. More recent
studies indicate that written communication can be more prone to mistakes than oral communication
during critical maintenance tasks. The reason is that in oral communication any clarification is easier
to obtain, so more human errors, that affect aircraft safety, are detected [33].
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The improvement of maintenance documentation can establish communication as an important
factor that could have a positive contribution to the execution of maintenance tasks safely [50,53].
Written procedures govern every action in aircraft maintenance. These are manufacturers’
Instructions for Continued Airworthiness (ICA’s), Fault Isolation Manuals and all supporting
documentation that are continually updated. Additionally, as aircraft design is evolving fast and
becoming more sophisticated, maintenance-related information is expanding in volume. This
immense amount of documentation amendments and novelty has to be adopted simultaneously by
maintenance personnel around the world, even if their first language is not the one the
documentation was produced in [54,55].

Moreover, there is extended research in the development and improvement of online platforms,
that aim to replace workcards, targeting lower cost along with a positive impact on the engineers’
situational awareness, error probability, job satisfaction, and adaptability [56,57]. Another example
is that of a Federal Aviation Administration (FAA) three-phase sponsored study that dealt with an
improved design of the manufacturer's maintenance documentation enabling the transfer of
information to the maintenance personnel at a satisfactory level [58].

Many researchers have produced instructions and guidelines, following human factors
principles, to help maintenance staff avoid mistakes. Their research has been successful in reducing
human errors [55,59]. However, the people in charge do not always acknowledge this work by
implementing it in the field [60]. They usually persist in following their own former good experience
and the employees’ perspective rather than adopt guidelines and instructions that stem from research
[58].

Moreover, shift turnover is of great significance in highly complex and regulated business
environments, such as aviation maintenance, the oil industry, and medicine. According to Parke and
Kanki, from the 8% of the aircraft maintenance failures that were due to communication factors, 51%
were related to the shift turnover while 41% had no relation to it [61]. The turnover related
maintenance occurrences were classified, by the reporting system used for this research, to have more
severe and dangerous consequences [61] whereas debriefs that are conducted according to human
factors principles can enhance productivity by 20-25% [62]. While debriefs may appear to be cost
effective and produce quick results in the organizations” improvement of performance, the study of
such processes over the years is scattered across different disciplines, such as healthcare, education,
psychology, and organizational fields with no conclusive results [62].

The literature highlights that communication in the aircraft maintenance environment provides
several considerations: first, it is an element that underlies every phase of the aircraft maintenance
process; next, it is a primary element of the maintenance process, as it is the framework upon which
information transmission takes place; finally, the research community and the industry need to
proceed with further investigation on documentation structure and shift turnover procedures.

2.3. Communication in Aviation Training

The training framework in aviation is designed to enhance communication skills and techniques,
promote teamwork, accommodate human performance tools and develop situational awareness (SA)
among maintenance personnel. This indicates of the way that the aviation industry values
communication, acknowledges it as an important contributing factor of human performance and
takes actions towards its successful application within the aviation various activities. This training is
either called Crew Resource Management (CRM), Maintenance Resource Management (MRM), or
Team Resource Management (TRM) [63-65].

As the literature indicates: a) training is essential in enhancing elements such as successful
communication and indeed has good results, and b) the design of training, the delivery and its
implementation is of great importance in achieving the required results in areas such as
communication [50,66,67]. To define the success of training in promoting factors such as
communication, more ‘on the job’ observation of the participants is needed, given that most of the
research has been conducted in simulation [64,68,69].
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In the European Union, there is a 30 mil. Euro program (Future Sky Safety 2015-2019) that
explores all new tools and approaches to aviation safety. This research, among other issues, indicates
that a significant gap has been recognized between the quality of the students’ oral and written
communication skills gained during their studies (especially in the aeronautical area) and the skills
required by the aeronautical industry to perform the tasks safely [70]. Industry and academia do not
work together as the communication between them is ineffective and discontinued [71,72]. This
indicates that since there is no wide human factors training within the tertiary education curricula,
there is a great need for it in newly recruited personnel.

3. Trust

First, trust is the belief of somebody else’s benignant intentions. Second, none can impose these
beliefs to come true, in other words trust means to be prepared for the possibility that the anticipated
benignant outcome will not happen. Third, the meaning of trust includes a degree of interdependency
as somebody’s situation is linked to somebody else’s actions [13]. Based on these three elements, trust
is the attitude someone or a party adopts (trustor) towards somebody else or another party (trustee)
[73]. This attitude, or even both parties’ relationship, is influenced by the trustee’s behaviour and it
will form the trustor’s understanding and receptiveness towards the trustee [13]. It is noted in the
literature that the competence, benevolence and integrity of the trustee are the characteristics that
trustor takes into consideration for the formation of his/her trust [74,75].

Trust, while it has been extensively researched by organizational researchers and more
specifically by certain industries (e.g, web commerce) is understudied in high-reliability
organisations, such as the aviation industry [76]. Trust usually stands in combination with other
human characteristics and is difficult to be isolated and quantified. However, there is growing
research indicating that trust and professionalism are fundamental factors in maintaining safety in
the aviation industry. On the one hand, professionalism is the basis to exercise all the necessary steps
towards safety, but on the other hand, personal trust is essential in the communication that is required
[19,20,22,77,78].

Additionally, personal trust is associated with performance and cooperation [79-82], citizenship
behavior [83], problem solving [84], and confidence in the skills and capabilities of aviation experts
(trust in competence), to achieve the desired level of safety [85]. Maintenance personnel need to trust
that their colleagues will act as safely as themselves. This is a process that needs to be inspired and
enhanced rather than taken for granted [86].

Trust towards people, and especially towards individuals in the case of a risky situation, where
an individual will do anything within his/her power to overcome the risk, aspires to be a solid factor
in ensuring safety management [85]. However, Harvey and Stanton [85] and Reason [87] argue that
this statement contradicts the modern systems approach to risk and human error, according to the
human factors principles, as human error has been considered so far to be a systemic rather than an
individual consequence [88,89]. Adaptation is inevitable where models include the social system and
human error while organizations put pressure on their systems on the benefit of their cost
effectiveness-productivity balance [90]

Apart from the trust between colleagues, there is the trust between maintenance personnel and
management that has been rather low and makes staff feel sceptic and pessimistic whether positive
results in safety can be achievable [65]. Management is responsible for building (establishing/taking
the initiative towards the employees) and maintaining trust [13]. Apart from the interpersonal trust,
there is the confidence towards technology and procedures. Additionally, another characteristic of
trust is that it is bipolar: lingering between the two edges of trust and distrust [91,92].

Procedures are clusters of partial steps that, to be successful, need to meet different criteria and
conditions (e.g., environment). Due to different reasons (e.g., lack of knowledge, norms) maintenance
employees might not take these conditions under consideration in the case of failure. Situations like
these might lead these professionals to lose trust in procedures, in the case of a failure, or show
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overreliance in the instance that the procedures were effective even if the right conditions were not
met [92].

The benefits of trust have been well understood for some decades now since Zand proved in
1972 [84] that employees with higher levels of trust compared to the ones with lower levels: a) make
information processing more cost-effective to the company; b) seem to have more contentment
among them; and c) show certainty towards other counterparts [84]. Research has also shown that
trust towards familiar individuals is far more easily achieved, especially when positive feedback
indicates this person to be trustworthy. Obviously, the level of trust tends to differ amongst various
organizations, depending on their size. In small organizations, the interpersonal trust seems to be at
a higher level than in larger organizations and the army [93].

Technology, on the other hand, is a human construction and, as a product, it lacks human
characteristics [94]. To focus on the technology, one should isolate it from the human element (users,
developers) and examine the technology artifact itself. This approach enables the investigation of
trust towards technology without being influenced by other surrounding human structures [95].

People depend on technological artifacts and rely on their anticipated abilities and capabilities
to perform successfully. In this concept trust means to depend or rely on another [96]. Therefore, if
someone believes he/she can depend on technology’s performance in a time of need, then trust
towards technology is the describing term for it [95].

Trust in technology is divided into initial trust and knowledge-based trust [95]. Initial trust refers
to the expectations and beliefs of the anticipated operations of the technological application chosen
by the user. Knowledge-based trust is the result after interaction and familiarization with a
technological system. Trust in technology needs further investigation as limited research has been
conducted in this area [95].

Furthermore, in modern times, more organisations have evolved into big impersonal enterprises
where trust between groups is difficult to achieve [15]. To overcome this issue, organisations have to
agree, adopt and utilise similar social rules to gain familiarity and work together efficiently [97]. Even
though these sets of rules seem to prevent distrust among enterprises, some researchers insist that
interpersonal relations are the ones that guarantee the formation of trust. This means that specific
people need to represent organisations to form the needed familiarity [98].

Within business relations, trust is a fundamental factor that takes part in the orchestration of
their expectations and mode of collaboration [99]. It appears to have an assistive role in establishing
business relationships and it is crucial to re-establish the theory behind the organisational influences
on the business behaviour. This will be of major help in attempts at building trust in
interorganisational interactions [15]; “The more complex and dynamic social and economic relations
and exchange arrangements are today, the more trust is needed as a lubricant to keep the motor
running” [100].

Overreliance or excessive trust may have negative effects on interpersonal and organizational
relations and there is no current research to describe it adequately [101]. To unfold the role that trust
plays in organizations, one must explore the macrolevel and microlevel of theory and analysis. In the
macro level, trust is studied regarding its interaction with the industry structure while in micro level
trust is examined among people as seen in Figure 5 [102].
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Figure 5. Schematic representation of the concept of trust [102].

3.1. Trust Dynamics within the Organization

When systems in organizations promote open and free communication (knowledge sharing,
uninhibited information disclosure) their employees are more likely to develop trust towards the
organization and each other [13,74,101]. From the very beginning, trust has been linked to safety in
the aviation industry and there has been a significant effort through MRM training (5t generation) to
implement and enhance safety culture and engage all personnel in that direction.

In the case that an organization proceeds with implementing all necessary actions to reduce
human errors then learning from their mistakes would be one of them. In this case, it is crucial to the
people involved to have sufficient trust that they will not be blamed if they report mistakes and that
they can speak openly about them (commonly called a just culture [103,104]). Although there are
mechanisms available to maintenance personnel to avoid or reduce human errors, they must trust
their managers mutually to achieve that.

Studies have revealed that a big proportion of engineers do not trust that their managers” actions
will be solely aimed at enhancing safety [105]. The lack of trust, or distrust, acts as an obstacle to the
formation and implementation of programs, such as the FAA’s Aviation Safety Action Program
(ASAP), that provides maintenance personnel with a system to report failures and thereby contribute
to the continuous effort to improve aviation safety.

3.2. Characteristics of Trust

Other extended research on trust indicates that trust is at high levels at the beginning of a
professional relationship “high initial trust levels” [106]. New employees begin their employment with
an intrinsic level of trust towards their colleagues and their organizations. Thereafter, it is the culture
of each organization that will be responsible for maintaining or altering this level. Trust is also a
multidimensional area that is highly influenced by other social features. As proposed in the Model
of Trust by Mayer, Davis, and Schoorman (as cited by Mayer et.al. [75]) trustworthiness is perceived
by factors like ability, benevolence and integrity. In a society that is trained to believe and rely on
others, it is most probable that people will trust their organization initially at a high level [106,107].

Depending on the circumstances, trust levels can appear to develop as fragile or robust. Fragile
is when it is subject to sudden changes during a given period either to a higher level, when the initial
level is low or vice versa. Robust, on the other hand, is the opposite of fragile. It is used when the
level of trust remains stable over a specified period [106]. Since the existence of the “high initial trust
levels” is observed, it is of primary importance in the aviation industry to maintain it at those levels.
It will only be successful by keeping in mind that the elements that make trust robust are: a) adequate
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precedent support, that is former good experience which forms a present behaviour in a similar
manner; b) belief-confirming cognitive mechanisms, in which people’s remarks that oppose their
beliefs are overlooked; and c) social mechanisms, the personal contact among people enhances the
positive attitude between them [106]. Moreover, research has identified legislative procedures,
conflicts of power, stress, and liability to be factors that reduce trust within organisations [108,109].

Furthermore, research has confirmed the relationship between ASAPs and trust since
organizations with ASAPs in place have demonstrated higher scores in trust than other companies
in which ASAPs were not in their structure [110]. To evaluate the personal perception of maintenance
personnel regarding human factors and safety in the workplace, specific tools had to be introduced.
One tool that has been extensively used by FAA is the Maintenance Resource Management Technical
Operations Questionnaire (MRM/TOQ). Among other questions that were used to measure different
human factors, the following questions were used to measure the level of trust:

* “My supervisor can be trusted”

* “My safety ideas would be acted on if reported to supervisor”
* “My supervisor protects confidential information.”

¢ “I know proper channels to report safety issues” [86,110].

These types of questionnaires evolve and adapt over time, and new data is accumulating
through continuous research. The optimum result would be to obtain a large amount of data from
the full range of aviation activities, which would enable researchers to analyse results comparatively,
inferentially, and longitudinally [86].

4. The Relation between Trust and Communication

Literature has indicated that personal trust is an essential element that is associated with
successful communication (see, for example, [15,16,18-20,22,77,78]). Experimental research has
proven that face-to-face communication has been highly successful due to, among other reasons, the
lifting of anonymity and the trust that the communicators show to each other. Face-to-face
communication enhances verbal communication where trust elements, such as commitment and
promises, are used along with body language, facial expressions, and visual cues to ensure a
successful outcome [82]. Experimental evidence, regarding the relation between trust and
communication, is scarce and more research in that field is needed [82].

When it comes to group communication, the group should establish common ground for the
members to agree upon some basic ideas/concepts. This process depends on trust development
among the members, towards their incentives and attitudes, for the group to create a functioning
communication ([30] as adapted by [111,112]).

At the organizational level, when organizational culture supports open and free communication
among all levels of employees, it is expected from them to enhance their trust levels towards each
other and their organization [13,74,101]. Recent research in the aviation maintenance field indicated
that communication and trust are two major factors that both can be used as tools for maintenance
failure detection [113]. Additionally, according to the FAA, trust is an essential element for a
successful safety program in the aviation industry. The different safety programs base their
effectiveness on the successful communication among the different business partners and mutual
trust or distrust can affect this communication.

5. Discussion and Conclusions

This review aimed to include mainly aviation maintenance literature relevant to communication
and trust and this literature was found to be scarce. This suggests that, the factors of communication
and trust, either individually or in combination, are understudied in aviation maintenance. To unfold
this critical issue, communication and trust were explored in multidisciplinary literature and they
were considered within the aviation maintenance framework. Some of the most important findings
of the review are presented in Figure 6.
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Most researchers have concluded that aviation has recognised miscommunication as a
paramount human factor contributing to errors [36,114], but there is still much work to be done to
eliminate this risk and provide the industry with error free communication. A gap has been identified
in the issues that arise from the communication among different areas within aviation, and there is
research underway mitigating these issues [46,47]. Every aspect of human nature and personality
characteristics should be considered, to eliminate the factors that might lead the message to not be
adequately delivered and understood in the communication process. To succeed in this, it is of high
importance to place the mechanisms and models of miscommunication in the specific frame of
aviation industry [30] as there is a great deal of potential in their implementation and development,
especially in aviation maintenance [115].

Several decades ago, it became quite apparent that standard terminology and methodology
would help reduce human errors related to aircraft procedures, especially in the written forms of
communication, e.g., documentation, manuals, workcards, etc. [55,59]. Due to such endeavours, new
technology and improved software are being used in the place of internal communication forms and
workcards with encouraging results [56,57]. Extended research has still to be conducted in this
direction to make novel technology more appealing and subsequently resolve both managers’ and
employees’ negative attitude to similar platforms [58]. On the other hand, there is a lack of systemic
study of maintenance debriefings that does not help in the comprehension and improvement of this
crucial step in the maintenance procedure [62].

Training is the only vehicle that will introduce and facilitate all the required communication
skills [63-65,116]. There has been considerable research during the past few decades in developing
systems and the generation of effective programs. There is, however, potential for further research in
the long-term effectiveness of these programs as trainees do not seem to acquire the desired level of
knowledge and skill [50].

The framework within interorganisational trust has a lot of potential to be restructured, to
enhance business interactions, and to achieve further development [15]. The literature found that
deals with trust in the aviation industry is scarce. This alone indicates that there is a great deal of
work that could be done in identifying and associating trust with other traits in the actual working
environment in aviation maintenance [19]. The interesting element in trust is that the initial levels of
trust (the levels of trust an individual or a company indicates at the beginning of a collaboration) are
high, so human factors researchers could focus their research towards the direction of the
mechanisms which will contribute to maintaining these levels high over time [106].

More extensive research is needed to standardize trust measuring methodologies, analyse
results, and enable smaller-scale research to be compared safely, which, in turn, will lead to reliable
results and interventions [86]. Only over recent years have researchers started trying to unveil the
causal factors for maintenance errors [117].
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Communication and Trust

Experimental evidence, regarding the relation between trust and communication, is scarce and more
research on that field is needed [82].

More specifically the relationship between trust and communication (how they interact with each other)
among colleagues, between subordinates and managers/supervisors and between maintenance staff
and technology.

Communication Trust

Most researchers have concluded that aviation Trust, while it has been extensively researched
has recognised miscommunicationas a by organizational researchers and more
paramount human factor contributing to specifically by certain industries (e.g. web
errors [36, 114], but there is still much workto commerce) it is understudied in high-reliability
be done to eliminate this risk and provide the  organisations, as the aviation industry [76].
industry with an error free communication

The optimum result would be to obtain a large
To succeed in this, it is of high importanceto ~ amount of data from the full range of aviation

place the mechanisms and models of activities, which would enable researchers to
miscommunication in the specific frame of analyze results comparatively, inferentially, and
aviation industry [30] as there is a lot of longitudinally [86].

potential in their implementationand
development there, especially in aviation

' The literature found that is dealing with trustin
maintenance [115].

the aviation industry is scarce. This alone

While debriefs may appear to be cost effective indicatesthat there is a lot of work that could
and produce quick resultsin the organizations’ be done in identifying and associating trust with
improvement of performance, the study of other traits in the actual working environment
such processes over the years is scattered in aviation maintenance [19].

across different disciplines with no conclusive

The interesting element in trust is that the
results [62].

Initial levels of trust (the levels of trust an
individual or a company indicates at the
This research, among other issues, indicates beginning of a collaboration) are high, so

that a significant gap has been recognized human factors researchers could focus their
between the quality of the students’ oral and  research towards the direction of the

written communication skills gained during mechanisms which will contribute to

their studies (especially in the aeronautical maintaining these levels high over time [106].

area) and the skills required by the

aeronautical industry to perform the tasks E T P ———

safely [71]. standardize trust measuring methodologies, in
Extended research has still to be conductedin analyzing the results, and to enable smaller
using new technologies to make them more scale research to be compared safely, which in

appealing and subsequently resolve both turn will lead to reliable results and

managers’ and employees’ negative attitude  interventions [86]. Only over recent years, have

to similar platforms [58]. researchers started trying to unveil the
causational factors for maintenance errors
[117].

Trust in technology and the negative effects of
excessive interpersonal or organizational trust
can be researched further, as again these are
understudied fields, especially in aviation
maintenance.

Figure 6. Tabular representation of the recognised future research potentials.

Following the example of ‘Future Sky Safety’ and trying to fill in the gap of the human factors
research in aviation maintenance, the investigation of the interaction between two factors, such as
communication and trust, is pioneering within the aviation maintenance context and of great
importance. The research that has been conducted in aviation human factors so far is mainly a single
factor research. Therefore, the study of two and more factors and their impact on human performance
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is a direction more researchers should follow in the future, given that human reaction is the result of
different factors and conditions that interact with each other.

Under the scope of the investigation of factors in combinations, it would be interesting to see
further combined research in communication and trust in aviation maintenance. More specifically
the relationship between trust and communication (how they interact with each other) among
colleagues, between subordinates and managers/supervisors, and between maintenance staff and
technology. Furthermore, trust among aviation businesses and how they interact with each other
would be a domain for further research, as new data could be exposed. Moreover, trust in technology
has been under-researched in the aviation maintenance domain, which appears to be bereft of any
significant research in this field. Additionally, the negative effects of excessive interpersonal or
organizational trust can be researched further as, again, this is an understudied field, especially in
aviation maintenance.
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