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Abstract: By questioning the lopsided attention on task-oriented factors in air traffic controller-pilot
communication, the current study places an equal weighting on both task-oriented and
relationship-building communications, and investigates how each type of communication influences
sustainable performance in airline operation team. Results show that both task-oriented and
relationship-building communications in terms of sustainability of team process predicted greater
communication satisfaction at work. Also, both task interdependence and shared leadershipinfluenced
both types of air traffic controller-pilot communication. However, only relationship-building
communication had a direct influence on perceived work performance whereas task-oriented
communication had not. Along with task-oriented factors, this study raises the relationship-oriented
factors as important resources for the sustainable team performance in airline industry.
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1. Introduction

In everyday communication, we strive to explicitly transfer information to listeners and
correctly receive information from speakers. These efforts aid in avoiding the possibility of
miscommunications. However, every communication contains ambiguity and miscommunication,
making every discourse potentially problematic [1]. Therefore, much of what is said is neither
completely true, nor completely false.

If miscommunication is unavoidable, then our communication task should be to minimize
miscommunication in all circumstances [1,2], because miscommunication can lead to unwanted
consequences [3]. In teamwork, when communicators are interdependent in achieving certain tasks or
jobs, collaborative performance becomes heavily dependent upon communication [4]. Considering the
chances of miscommunication, the significance of its consequence, and the interdependence of
teamwork, communication between pilots and air traffic control could likely generate frequent
miscommunications. Miscommunication of this type can lead to deadly air disasters that have the
ability to destroy a region or country’s tourist industry [5,6].

In improving air traffic controller (ATC)-pilot team communication, studies report that both
technical and relational factors are important. Nevertheless, existing research on ATC-pilot team
communication emphasizes mostly task-related technical factors, such as contents, or medium
communication [7,8].
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Although technical factors in communication are important at work, a large portion of
communication in the workplace is informal or social. These informal communications may not
be directly related to work tasks, but the role of these informal communications can go beyond
relationship-building, such that they also support work-related tasks [9]. While nontechnical human
factors are recently considered to be important in air traffic management, informal communications and
relational factors in ATC-pilot teamwork are still under-emphasized. Therefore, in the current study,
we focus on the relational factors and examine how they affect work performance in controller-pilot
interaction. Especially, in terms of ATC-pilot team communications, we invest them into task-oriented
and relationship-building and examine how each type is affected by relational factors and sustainable
performance in controller-pilot teams.

In measuring performance in airline operations, many studies have focused on quantitative
outcomes. In ATC-pilot teamwork, team performance is usually measured by quantitative data,
such as the frequency or proportion of missing acknowledgements, incorrect/partial readbacks,
or missing call signs [10]. Such quantitative measures are important in ATC-pilot team performance,
but they prove difficult in capturing issues mid-process because the focus has been on quantifiable
results and final outcomes.

As a supplement and an alternative to quantifiable concrete measures, team members’ perception
about sustainable performance not only captures the results and outcomes, but also reflects social and
interpersonal issues existing in the teamwork process [11]. To capture the procedural issues, especially
related to sustainable performance management, we use perceived performance measures from ATC
and pilots to reflect problems and issues in the team working. We believe that adding relational factors
and sustainable team performance measures in ATC-pilot teamwork expand our understanding in the
domain of airline service.

2. Difficulties in Air Traffic Controller-Pilot Communication

It is reported that a large number of plane accident happen because of miscommunication and
language issues [12] and that they amount to 37% of all airplane accidents [13]. To avoid accidents and
successfully perform the landing operation and other given tasks on schedule, the ATC-pilot team is
required to exchange accurate communications to successively complete collaborative tasks [5,6].

Although correct and clear communication is essential in ATC-pilot teamwork, difficulties exist
for ACT-pilot teams to maintain correct communication. First, they use radio-communication which
makes it difficult to have clear communication all the time. Although it is reported that there is no
significant difference between face-to-face and voice media communication in problem solving and
information transmission [14], multiple interactions between a single controller and many pilots limit
each ACT to spend a very short time with a single airplane, possibly leading to congested frequencies
and blocked transmissions [10]. Second, for the pilots, long messages from the ACTs appear to
overload their working memory, resulting in more incorrect or partial readbacks, as well as more
message repeat requests [8]. All these factors lead to missing acknowledgements, incorrect/partial
readbacks, or missing call signs [10]. In sum, difficulties in the work environment keep ACT-pilot
teams from exchanging clear communications all the time.

3. Task-Oriented and Relationship-Building Communications

According to Habermas [15], two types of communication exist between agents engaged in
speech acts. First, when the purpose of communication is to achieve the speaker’s goal by asking
and making the listener do certain behaviors, the communication is oriented toward success, leading
communicators to instrumentalize one another as a means of achieving success. In a customer
satisfaction study by Froehle [16], this type of communication is termed task-oriented communication,
which is aimed at achieving goals, solving problems, and making decisions [17].

Another type of communication is oriented toward understanding the other party [18].
Here, it becomes more important for the communicators to understand each other,
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rather than be successful in performing certain tasks. Thus, this type of communication is
“person-oriented” [17] and “relationship-oriented” [18]. Froehl [16] coined this type of communication
relationship-building communication.

In ACT-pilot teamwork, most studies have focused on how the content of the communication is
clearly transferred between ACTs and pilots, i.e., task-oriented communicaion, or how environmental
and human factors affect their communication [10,19,20]. While their communication is mostly
task-oriented, it is also possible that there are elements of relationship-building communication
in their dialogues. In aviation psychology, studies have examined the influence of ‘attitudes’ in
performance [10]. Because performance usually takes place in teams, and each member takes on a
different role creating interdepdence, members will perceive the ‘attitudes’ of other members, from
communication practices. Therefore, to investigate the effect of communication in ACT-pilot teamwork,
not only task-oriented but also relationship-building communication needs to be considered.

4. Antecedents of Task-Oriented and Relationship-Building Communications in Air Traffic
Controller-Pilot Interactions

4.1. Relational Factors in Communication in Aviation

In airline operation service, focus has mainly been placed on the technical factors in
explaining and reducing miscommunications, incidents and accidents [8,10]. In addition, nontechnical
human factors have been considered as important in explaining and decreasing flight
miscommunications [20]. There are not many approaches about the relationship between relational
factors and miscommunications in flight. Only a small number of studies have focused on the effect of
social and relational factors in airline operation [21,22].

Outside of airline operation, it has been reported that relational factors such as task
interdependence and shared leadership affect workplace communication [23,24]. In airplane operation,
every ACT-pilot team is highly interdependent such that each party cannot perform landing and
other tasks individually. Such high interdependency requires high interpersonal involvement among
team members. Because both the interdependency and mutual involvement imply a relationship
between ACT-pilot teams, one can also expect relational factors to relate to communication in
ACT-pilot teamwork.

4.2. Task Interdependence

Among the various relational factors at work, task interdependence is an important
communication factor. In organizational literature, task interdependence is defined as the degree of
reliance among group members on others to perform their tasks effectively given the design of their
jobs [25]. Studies have shown that task interdependence increases group member communication and
helping and information sharing [26,27]. In a highly interdependent situation, because each group
member must rely on others to achieve pre-determined goals, it seems natural for group members
to increase communication in order to exchange expertise and information to achieve the desired
outcomes [27–29].

Although previous studies found positive influence from task interdependence on communication
and sustainable performance, they did not distinguish task-oriented from relationship-building
communication. Considering the nature of task interdependence such that it implies the degree
to which team members will interact and depend upon each other to attain their goals [29], it is
expected that task interdependence will exert greater influence on task-oriented communication than
relationship-building communication. Therefore, we predict:

Hypothesis 1 (H1). Task interdependence predicts both task-oriented and relationship-building communication.
However, the association between task interdependence and task-oriented communication is greater than the
association between task interdependence and relationship-building communication.
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Hypothesis 2 (H2). Task interdependence predicts team performance.

4.3. Shared Leadership

Another factor that influences communication in teamwork is shared leadership. According to
Pearce and Conger [30], shared leadership is “a dynamic, interactive influence process among
individuals in groups for which the objective is to lead one another to the achievement of group
or organizational goals or both” [30]. A major difference between shared and traditional vertical
leadership is that while the latter involves mostly hierarchical influence processes, the former includes
both hierarchical and lateral influence processes. Particularly in cross-functional teams which lack
hierarchical authority, or have a formally appointed leader who is highly dependent on the team
members’ unique knowledge, skills, and backgrounds, shared leadership may be a powerful and
potentially successful form of leadership [18,31]. ACT-pilot teams are cross-functional, thus we expect
that shared leadership will lead to better communication and performance. Moreover, because better
communication is likely to lead to higher communication satisfaction, we can also expect shared
leadership to have the same result.

Considering the effects of shared leadership on the two previously mentioned types of
communication, previous research shows that in terms of ‘achievement of goals’, shared leadership
is also associated with relationship building [32]. Also, Perry, Pearce and Sims [33] state that shared
leadership in teams leads to both affective responses as well as behavioral responses. Since shared
leadership is associated with behavioral responses and affective responses, we can expect that shared
leadership influences communications related to both task and relationship-building.

Although most studies on shared leadership examine the relationship between shared leadership
and performance efficiency, it has been suggested that there is “a shift toward conceptualizing
leadership less as the behaviors and characteristics of individuals and more as a social process that
is embedded in a context of team dynamics and social interaction” [31] (p. 311). According to
Carson, Tesluk and Marrone [34], one of the antecedents for shared leadership is social support,
which is defined as “team members’ efforts to provide emotional and psychological strength to one
another”. Social support maintains and develops a team by providing “interpersonal glue” that
helps build a strong internal social network [35]. Since social support predicts shared leadership, it is
expected that shared leadership positively affects communication committed to social support and
relationship-building. Based on this, we expect that shared leadership in ACT-pilot teams will have a
higher level of influence on social interaction than task-related behaviors. Therefore, we predict:

Hypothesis 3 (H3). Shared leadership predicts both task-oriented and relationship-building communication.
However, the association between shared leadership and relationship-building communication is greater than the
association between shared leadership and task-oriented communication.

Hypothesis 4 (H4). Shared leadership predicts team performance.

Hypothesis 5 (H5). Shared leadership predicts communication satisfaction.

In terms of the relationship between shared leadership and task interdependence, previous
research has demonstrated that teams outperform individuals on tasks involving greater integration
and interconnectedness [36]. Thus, in order to take full advantage of team members’ competencies, the
need for shared leadership is high when the tasks of the individuals are entirely interdependent [30].
Therefore, we predict:

Hypothesis 6 (H6). Task interdependence predicts shared leadership.

Considering the precursors of task-oriented and relationship-building communication,
we suggest that relational factors such as task interdependence and shared leadership influence
ACT-pilot communication.
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5. Relationship between Task-Oriented and Relationship-Building Communication in Air Traffic
Controller-Pilot Teams

Previous researchers are not aware clearly examining the relationship between task-oriented
and relationship-building communication. However, we can infer a relationship between
task-oriented and relationship-building communication in ACT-pilot interaction from existing studies.
Jarvenpaa and Leidner [18] found that task-oriented communication correlates with trust in virtual
teams and social communication is related with trust in virtually collaborating teams. The teams
with low initial exchange shared few social messages during the first two weeks, and then gradually
began to interact to construct relationship-building communication. Therefore, we can expect not
only relationship building communication between team members to take longer than task-oriented
communication, but also task-oriented communication to positively affect relationship-building
communication. In this sense, we predict:

Hypothesis 7 (H7). Task-oriented communication predicts relationship-building communication.

6. Outcomes of Task-Oriented and Relationship-Building Communications in Air Traffic
Controller-Pilot Teams

6.1. Communication Satisfaction

Once ACTs and pilots have successful communication, it will naturally lead to communication
satisfaction. Communication satisfaction refers to “the affective response to the fulfillment of
expectation-type standards” in message exchange processes and “symbolizes an enjoyable, fulfilling
experience” [37]. In organizational settings, it has been defined as an individual’s satisfaction with
communication in interpersonal, group, or organizational contexts e.g., [38].

Although previous studies examined various antecedents of communication satisfaction, it is
difficult to find the study that directly investigated the effects of task-oriented and relationship-building
communication on communication satisfaction. Communication satisfaction seems to be more related
with task-oriented communication than relationship-building communication because task-oriented
communication is immediately rewarded by task performance. Also, since people are more
task-oriented in remote communication than face-to-face communication [39], it is expected that
compared to relationship-building communication, task-oriented communication shows a larger
influence on communication satisfaction. Therefore, we predict:

Hypothesis 8 (H8). Communication satisfaction is associated with task-oriented and relationship-building
communication. However, the association between communication satisfaction and task-oriented communication
is greater than the association between communication satisfaction and relationship-building communication.

6.2. Team Performance

Successful communication influences collaboration and overall team performance [40,41].
Along with the two main variables of task-oriented and relationship-building communications,
the antecedents and consequences of these communications (interdependence, shared leadership,
and communication satisfaction) all boil down to team performance. The objective of forming
a team or an organization is to achieve a common goal through team members’ collaborative
capabilities [41–44]. The capabilities of each team member collectively result in team performance
through the aforementioned variables. Therefore, we expect both task-oriented and relationship-building
communication to be associated with sustainable performance of airline operation team.

Although it is difficult to find studies measuring the effects of task-oriented and
relationship-building communication on team performance, there are few research findings that
group cohesiveness [45,46] are positively associated with group performance. Cohesiveness refers
to the degree to which group members bond to one another and to the group as a whole.
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Moreover, the bonds are not to develop spontaneously [45,46]. Because of this characteristic, this
paper expects relationship-building communication to have greater impact on team performance.
Although task-oriented communication can affect performance, it will take an indirect route
rather than a direct route assuming team performance is primarily dependent on cohesiveness.
Therefore, we predict:

Hypothesis 9 (H9). Team performance is associated with both task-oriented and relationship-building
communication. However, the association between team performance and relationship-building communication
is greater than the association between team performance and task-oriented communication.

Lastly, in addition to successful task-oriented and relationship-building communication,
communication satisfaction is expected to have positive association with team performance.
Studies have found there is a strong relationship between communication satisfaction and job
performance e.g., [37]. We expect similar results in ACT-pilot interaction and thus predict:

Hypothesis 10 (H10). Communication satisfaction predicts team performance.

So far, we have explained the two types of communication in ACT-pilot interaction and their
antecedents and outcomes (see Figure 1). In this paper, we examine ACT-pilot teamwork and illustrate
the direct and indirect relationships of the reviewed variables on team performance.
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7. Research Method

7.1. Sampling and Survey Procedure

To test the proposed research model, ATCs and pilots were surveyed. This was conducted on both
ATCs stationed at Incheon International Airport (IIA) and pilots who disembarked at IIA. In order to
represent the multinational nature of their communication, the ATCs are local South Koreans while the
pilots are from international airlines on stopover in IIA.

The survey was developed in English. A questionnaire was designed based on the research
model (see Figure 1), in which items to measure six constructs were presented. A literature search
identified relevant items for each construct. Task interdependence was adopted from Nielsen et al. [11].
Shared leadership was adopted from Hoch, Pearce and Welzel [47]. From the customer satisfaction
questionnaire by Froehle [16], both task-oriented and relationship-building communication items were
adopted. Communication satisfaction was adopted from Pornsakulvanich [38].

In airline operations, team performance is usually measured by quantitative data. However, the
quantitative data may not be directly associated with the variables we are using for this study.
Instead, we modified the qualitative assessment of airline service by Sun et al. [41] that is used for
pilot and ACT evaluation, and created a perceived team performance measurement item. In addition,
we developed a perceived quantitative performance measure. For the details about the items for each
construct, refer to Table 1.
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Table 1. Measurement items.

Variables Measurement Items Sources

Task Interdependence

In a controller-pilot team, I have to obtain information and advice from my partner in order to complete the joined task.

Nielsen et al. [11]
In a controller-pilot team, I depend on my partner for the completion of the joined task.
In a controller-pilot team, I have to work closely with my partner to do the joined task properly.
In a controller-pilot team, my work is not complete until everyone has done his or her part.
–DELETED

Shared Leadership
In a controller-pilot team, I coordinate my efforts with my partner to achieve assigned goals.

Hoch et al. [47]In a controller-pilot team, collaboration with my partner works well.
In a controller-pilot team, all team members share responsibilities for the task.

Task-oriented Communication
I believe having much general aviation knowledge is important for effective controller-pilot communication (knowledge).

Froehle [16]I believe being thorough in providing information is important for effective controller-pilot communication (thoroughness).
I believe being prepared about each other’s needs is important for effective controller-pilot communication (preparedness)—DELETED

Relationship-building Communication
I believe being courteous to each other is important for effective controller-pilot communication (courtesy).

Froehle [16]I believe being professional on the job is important for effective controller-pilot communication (professionalism).
I believe attentive listening to each other is important for effective controller-pilot communication (attentiveness).

Communication Satisfaction
In a controller-pilot team, our conversation flowed smoothly.

Pornsakulvanich [38]In a controller-pilot team, we all were attentive to each other’s comments.
In a controller-pilot team, I am satisfied with the communication with the partner overall.

Team Performance

In a controller-pilot team, collaboration with the partner resulted in improvement of teamwork.

Sun et al. [41]In a controller-pilot team, sustainability of team process with the partner resulted in lowered delay/incident/accident rate.
In a controller-pilot team, collaboration with the partner allowed prompt project completion.
–DELETED
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The responses were collected from 222 pilots and 96 ACTs, but 38 responses were excluded due to
unanswered items, leaving 280 responses in the final sample test. The responses were not collected
from pilot-ACT pairs but a separate set of pilots and ACTs. Concerning the possibility of group
difference between pilots and ACTs, t-tests were conducted for the constructs. The results from the
t-test showed no significant differences between ACT and pilot group with variances treated as equal
from the result of Levene’s Test for Equality of Variances. As no significant differences were observed
for the constructs, the data for the main analysis were pooled together.

The reliability of each construct measured by Cronbach’s alpha values for all constructs was
acceptable based on the guidelines introduced by Hair et al. [48], with the lowest measuring 766.
The convergent validity and uni-dimensionality of each construct were verified with a principal
components factor analysis showing a single Eigenvalue above 1 for each construct. All items loaded
as predicted, except for three items on task interdependence, task-oriented communication, and team
performance dropped respectively, because of low item-to-total correlations and factor loadings.

As this study uses self-report survey measures, it is likely for common method variance bias to
occur. To prevent potential biases, Harman’s single factor analysis was employed as suggested in
Podsakoff et al. [49]. The percentage of explained variance of a single-factor model was 12.55 which
did not exceed the acceptable percentage of 25 percent, concluding that the common method variance
bias was unobserved.

Among the 280 responses, 201 (72%) were pilot, and 79 (28%) were air traffic controller.
Regarding the type of pilot’s carrier, 93 (46%) respondents were affiliated with Korean Air, 64 (32%)
with Asiana Airlines, and others 44 (22%). Among the 79 air traffic controllers, 46 (58%) were ACC
controllers affiliated to Ministry of Land, Infrastructure and Transport, and 33 (42%) were ramp
controllers of Incheon International Airport Corporation. Of the respondents, 13 (4%) were in their
twenties, 73 (26%) in their thirties, 66 (24%) in their forties, and 128 (46%) over fifty.

7.2. Measure Validation

The proposed research model in this study is composed of six constructs with interconnected
causal paths requiring Structural Equation Modeling (SEM) [48]. Consistent with Hair et al. [48],
convergent validity of Confirmatory Factor Analysis (CFA) results should be supported by item
reliability, construct (composite) reliability, and average variance extracted (AVE). From Table 2, values
for all the standardized factor loadings of items are statistically significant, assuring item reliability.
Composite reliability values, which should be greater than 0.70 [48], range from 0.763 to 0.894.

AVE, which should be above 0.50, measures the amount of variance explained by the construct [48]
indicating high reliability and validity. Since inter-correlations between constructs are relatively high,
a common method bias may exist. In order to avoid this, discriminant validity tests were performed in
accordance with Hair et al. [48]. Table 2 shows that AVE ranged from 0.616 to 0.738, which are greater
than the squared correlations between the six constructs falling between 0.13 and 0.50 (see Table 3).
Therefore, the six constructs identified through the CFA approach are confirmed to possess enough
convergent and discriminant validity for further SEM analysis.
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Table 2. Measurement properties of variables.

Construct Items Factor Loading Standard Errors Standardized Loading t-Value Composite Reliability Average Variance Extracted

Task Interdependence
TI1 1.000 – 0.706 –

0.863 0.680TI2 1.229 0.094 0.867 13.106 **
TI3 1.257 0.095 0.888 13.244 **

Shared Leadership
SL1 1.000 – 0.842 –

0.869 0.692SL2 1.114 0.063 0.938 17.684 **
SL3 0.830 0.064 0.699 13.046 **

Task-oriented Communication
TC1 1.000 – 0.753 –

0.763 0.616TC2 1.083 0.097 0.816 11.156 **

Relationship-building Communication
RC1 1.00 – 0.788 –

0.894 0.738RC2 1.155 0.069 0.910 16.858 **
RC3 1.107 0.068 0.872 16.167 **

Communication Satisfaction
CS1 1.00 – 0.832 –

0.891 0.732CS2 1.102 0.059 0.917 18.523 **
CS3 0.979 0.061 0.814 15.926 **

Team Performance
TP1 1.00 – 0.803 –

0.784 0.644TP2 0.999 0.103 0.802 9.720 **

Note: ** p < 0.01.

Table 3. Squared inter-correlations between constructs.

Inter-Correlations between Constructs Task
Interdependence

Shared
Leadership

Task-Oriented
Communication

Relationship-Building
Communication

Communication
Satisfaction

Team
Performance

Task Interdependence –
Shared Leadership 0.13 –

Task-oriented Communication 0.42 0.16 –
Relationship-building Communication 0.18 0.23 0.18 –

Communication Satisfaction 0.26 0.33 0.47 0.29 –
Team Performance 0.31 0.28 0.38 0.31 0.50 –
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8. Empirical Results

SEM analysis was performed (see Figure 2), showing that the overall fitness of the model is
appropriate for further analysis, χ2 = 169.232 (p < 0.01), df = 90, χ2/df = 1.88, GFI = 0.931, AGFI = 0.895,
NFI = 0.941, NNFI = 0.962, CFI = 0.971, IFI = 0.972, and SRMR = 0.037. In addition to the direct effects
among the constructs shown in Figure 2, the sizes and significances of total effects combining direct
and indirect effects are shown in Table 4.

While both task-oriented and relationship-building communications were significantly associated
with task interdependence (β = 0.619, p < 0.01; β = 0.232, p < 0.05, respectively), the relationship
with task-oriented communication was more than twice as strong as the connection with
relationship-building communication. Although smaller, the relationship with task-oriented
communication was still larger than the relationship with relationship-building communication when
adding the indirect effects of task interdependence via shared leadership (β = 0.693, p < 0.01; β = 0.489,
p < 0.01, respectively), supporting Hypothesis 1.

Both task-oriented and relationship-building communications were significantly associated with
shared leadership (β = 0.170, p < 0.05; β = 0.332, p < 0.01, respectively), but the relationship with
relationship-building communication was stronger than with task interdependence. The difference
became larger when indirect effects were added to the comparison (β = 0.170, p < 0.05; β = 0.360,
p < 0.01, respectively), supporting Hypothesis 3. However, contrary to our expectation, no significant
relationship was found between task-oriented and relationship-building communication (β = 0.163, ns),
failing to support Hypothesis 7.

A significant relationship was found (β = 0.435, p < 0.01), supporting Hypothesis 6. Once pilots
and controllers engaged in task-oriented and relationship-building communication and these are
performed successfully, they led to communication satisfaction, and then finally to improved team
performance. Task-oriented communication exerted much more influence (β = 0.537, p < 0.01) on
ACT-pilot team satisfaction than relationship-building communication (β = 0.204, p < 0.01), supporting
Hypothesis 8. Since task-oriented communications are about the planned tasks at hand, it is natural for
mechanical task-oriented communication to show stronger influence on communication satisfaction
than the organic relationship-building communication.

However, in terms of the relationship between communication and team performance,
only relationship-building communication had a significant direct effect (β = 0.167, p < 0.05),
while task-oriented communication did not show significant association with performance (β = 0.137,
not significant). This result does not mean that the ACT-pilot team should regard relationship-building
communication as superior to task-oriented communication. Since communication satisfaction
exerted the highest direct influence on team performance (β = 0.344, p < 0.01), and task-oriented
communication had a large influence on communication satisfaction, having successful task-oriented
communication between ACT-pilot teams indirectly affected team performance (β = 0.223, p < 0.01).
When adding both direct and indirect effects, task-oriented communication showed larger influence
than relationship-building communication on team performance (β = 0.360, β = 0.237, p < 0.01,
respectively). In sum, both task-oriented and relationship-building communication affected team
performance, supporting Hypothesis 9 and Hypothesis 10.

With regards to the relationship between task interdependence and team performance as well as
the association between shared leadership and team performance, these two antecedents of ACT-pilot
communication showed significant effects on team performance (task interdependence—team
performance relationship: β = 0.116, p < 0.05; shared leadership—team performance relationship:
β = 0.195, p < 0.05), supporting Hypotheses 2 and 4. Considering the total effects on team performance,
among the measured constructs, task interdependence and shared leadership were largest (β = 0.662,
p < 0.01; β = 0.626, p < 0.01, respectively). Finally, there was significant association between shared
leadership and communication satisfaction (β = 0.282, p < 0.01), supporting Hypothesis 5.
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Table 4. Analysis of direct, indirect, and total causal effects among constructs.

Causal Path Coef. Std. Coef. t-Value

Task Interdependence
→ Shared Leadership Direct Effect 0.435 ** 0.364 5.315

Task Interdependence
→ Task-oriented Communication

Direct Effect 0.619 ** 0.580 7.230

Indirect Effect 0.074 ** 0.069 2.637

Total Effect 0.693 ** 0.649 8.054

Task Interdependence
→ Relationship-building Communication

Direct Effect 0.232 ** 0.204 2.137

Indirect Effect 0.257 ** 0.226 3.151

Total Effect 0.489 ** 0.430 5.699

Task Interdependence
→ Communication Satisfaction Indirect Effect 0.595 ** 0.505 7.910

Task Interdependence
→ Team Performance

Direct Effect 0.116 ** 0.124 1.998

Indirect Effect 0.546 ** 0.253 5.313

Total Effect 0.662 ** 0.377 6.145

Shared Leadership
→ Task-oriented Communication Direct Effect 0.170 ** 0.190 2.890

Shared Leadership
→ Relationship-building Communication

Direct Effect 0.332 ** 0.348 4.730

Indirect Effect 0.028 ** 0.029 1.333

Total Effect 0.360 ** 0.377 5.228

Shared Leadership
→ Communication Satisfaction

Direct Effect 0.282 ** 0.286 4.624

Indirect Effect 0.165 ** 0.167 3.784

Total Effect 0.447 ** 0.453 7.395

Shared Leadership → Task-oriented
Communication Direct Effect 0.170 ** 0.190 2.890

Shared Leadership
→ Relationship-building Communication

Direct Effect 0.332 ** 0.348 4.730

Indirect Effect 0.028 ** 0.029 1.333

Total Effect 0.360 ** 0.377 5.228

Shared Leadership
→ Communication Satisfaction

Direct Effect 0.282 ** 0.286 4.624

Indirect Effect 0.165 ** 0.167 3.784

Total Effect 0.447 ** 0.453 7.395

Shared Leadership
→ Team Performance

Direct Effect 0.195 ** 0.175 2.412

Indirect Effect 0.431 ** 0.386 5.738

Total Effect 0.626 ** 0.561 7.831

Task-oriented Communication
→ Relationship-building Communication Direct Effect 0.163 ** 0.153 1.476

Task-oriented Communication
→ Communication Satisfaction

Direct Effect 0.537 ** 0.486 6.877

Indirect Effect 0.033 ** 0.030 1.435

Total Effect 0.570 ** 0.516 7.128

Task-oriented Communication
→ Team Performance

Direct Effect 0.137 ** 0.131 1.377

Indirect Effect 0.223 ** 0.213 3.827

Total Effect 0.360 ** 0.344 3.993

Relationship-building Communication
→ Communication Satisfaction Direct Effect 0.204 ** 0.197 2.902

Relationship-building Communication
→ Team Performance

Direct Effect 0.167 ** 0.170 2.486

Indirect Effect 0.070 ** 0.071 2.427

Total Effect 0.237 ** 0.241 3.398

Communication Satisfaction
→ Team Performance Direct Effect 0.344 ** 0.363 4.085

Note: ** p < 0.01.



Sustainability 2017, 9, 1770 12 of 16
Sustainability 2017, 9, 1770  12 of 16 

 
Figure 2. Causal relationships among constructs. Note: χ2 = 169.232 (p < 0.01); df = 90; χ2/df = 1.88; GFI 
= 0.931; AGFI = 0.895; NFI = 0.941; NNFI = 0.962; CFI = 0.971; IFI = 0.972; and SRMR = 0.037. * p < 0.05; 
** p < 0.01 

9. Discussion 

9.1. Theoretical Implications 

First, it was confirmed that task interdependence exerted more influence than shared leadership 
on task-related communication. Considering the nature of task interdependence such that the 
interacting partners are relying on each other to achieve shared goals, partners will naturally focus 
on the communication related to successful collaboration. In aviation operations, pilots and 
controllers engage in different roles to complete the tasks at hand, naturally leading to the perception 
that each party cannot perform the tasks with the other party simply following. Under these 
circumstances, each interacting partner becomes highly dependent. Also, since communication 
between the ACT-pilot team takes place through the radio medium, the contents, clear transmission, 
and understanding of the communication become very important, which leads the team members to 
engage in much task-oriented or task-related communication. 

Second, the current study investigated the sustainable relationship between relationship-
building communication and the precursors in ACT-pilot teamwork. As mentioned above, shared 
leadership becomes more powerful when the interacting parties are cross-functional and thus lack 
hierarchical authority [31]. It is also reported that in a physically demanding environment, shared 
leadership affects communication among the workers which leads to relationship-building. As 
expected, the current study confirmed the hypothesis that shared leadership predicts relationship-
building communication more than does task interdependence. 

Finally, we confirmed the hypothesis comparing the degrees of relationship between each 
communication type and team performance. As expected, while the relationship between 
relationship-building communication and team performance was significant, the association between 
task-oriented communication and team performance was not. This result is likely due to the fact that 
team performance items measured overall perceived performance and efficiency of the team rather 
than specific performance scores. However, it still is interesting that the perceived task performance 
in a collaborating group is not directly influenced by technical ability but by relational capability. 
  

Figure 2. Causal relationships among constructs. Note: χ2 = 169.232 (p < 0.01); df = 90; χ2/df = 1.88;
GFI = 0.931; AGFI = 0.895; NFI = 0.941; NNFI = 0.962; CFI = 0.971; IFI = 0.972; and SRMR = 0.037.
* p < 0.05; ** p < 0.01

9. Discussion

9.1. Theoretical Implications

First, it was confirmed that task interdependence exerted more influence than shared leadership on
task-related communication. Considering the nature of task interdependence such that the interacting
partners are relying on each other to achieve shared goals, partners will naturally focus on the
communication related to successful collaboration. In aviation operations, pilots and controllers
engage in different roles to complete the tasks at hand, naturally leading to the perception that each
party cannot perform the tasks with the other party simply following. Under these circumstances, each
interacting partner becomes highly dependent. Also, since communication between the ACT-pilot
team takes place through the radio medium, the contents, clear transmission, and understanding
of the communication become very important, which leads the team members to engage in much
task-oriented or task-related communication.

Second, the current study investigated the sustainable relationship between relationship-building
communication and the precursors in ACT-pilot teamwork. As mentioned above, shared leadership
becomes more powerful when the interacting parties are cross-functional and thus lack hierarchical
authority [31]. It is also reported that in a physically demanding environment, shared leadership affects
communication among the workers which leads to relationship-building. As expected, the current
study confirmed the hypothesis that shared leadership predicts relationship-building communication
more than does task interdependence.

Finally, we confirmed the hypothesis comparing the degrees of relationship between
each communication type and team performance. As expected, while the relationship between
relationship-building communication and team performance was significant, the association between
task-oriented communication and team performance was not. This result is likely due to the fact that
team performance items measured overall perceived performance and efficiency of the team rather
than specific performance scores. However, it still is interesting that the perceived task performance in
a collaborating group is not directly influenced by technical ability but by relational capability.
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9.2. Practical Implications

Findings from our study may be helpful to controllers, pilots, and relevant parties involved in
airline operation service. First, practitioners should emphasize sustainable relationship management
in collaborative work groups, especially in work teams collaborating under constraints in time and
space where workers have greater physical and mental difficulties in performing tasks than workers
without such constraints. As measured in this study, task interdependence implies that each working
partner does not have the entire knowledge and information needed to fulfill a successful task, thus all
partners in work groups should depend on each other to accomplish assigned tasks [11]. To enhance
task interdependence, each party in the collaborative group needs to understand the role as well as
the working conditions of the other party. For example, Hindson [50] suggested a co-training and
exchange program. Such training is expected to enhance collaborative work partners’ recognition that
without help and proper understanding of their colleagues the collaborative work task is not likely to
be successfully achieved.

Second, from the finding that task-oriented communication directly improved communication
satisfaction and indirectly increased team performance, we suggest that task-oriented communication
needs to be enhanced in collaborative work groups. Previous reports and studies provide guidelines for
effective ACT-pilot communication such as non-standard phraseology and effective listening/readback
skills e.g., [7]. Thus, continuously focusing on these technical features will keep the chances of aviation
accidents and incidents low.

Third, we found that relationship-building communication promoted communication satisfaction
and sustainable performance. In this study, relationship-building communication is described as
being courteous, professional, and attentive in communication. Therefore, when interacting with
work partners, improving these qualities in communication is expected to increase task performance.
Usually, flight attendants undergo thorough etiquette training because they serve passengers from
different cultures [51]. Compared to flight attendants, the required etiquette may be less strict for pilots
and controllers because they hardly encounter passengers and they use technical language during
work. However, insufficient etiquette training for controllers and pilots may result in lowered task
performance in flight which could increase the possibility of incidents or accidents.

9.3. Directions for Future Research and Conclusions

There are several drawbacks to this study. First, we selected task interdependence, shared
leadership, task-oriented communication, relationship-building communication, and communication
satisfaction as the variables that influence ACT-pilot team performance. Although these are
representative and frequently applied variables for teamwork in the field of organizational studies,
there could be many other situational, environmental, or unexpected variables influencing team
performance. Therefore, examining team members’ reactions in various industries toward other
variables would be meaningful for future research.

Second, to elaborate the measurement of aviation team performance, it seems necessary to develop
a new model that better reflects pilot and controller group characteristics. Hence, investigating the
difference of bilateral influence among constructs that could exist during aviation operation will be
important in drawing meaningful implications and useful information for practitioners.

Third, since the current study focuses on relational factors and performance, there is no concrete
performance measures used in this study. Therefore, including both perceived and specific performance
measures in the future would better capturing the group dynamics interaction and their outcomes.
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